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Foreword 


As cofounder and president of the Bladder Cancer Advocacy Network, I am 
so pleased to see this comprehensive guide to the diagnosis and management 
of urinary tract diseases. As a “below the belt” condition, bladder cancer, 
and more benign bladder conditions, suffers from a lack of awareness and 
understanding—both from the medical community as well as the general 
population. 

Drawing on the expertise of specialists across the country from multiple 
disciplines, this thorough and practical textbook is an essential tool for all 
physicians and physicians-in-training for understanding the specific issues 
and complexities that arise in the treatment of bladder cancer, as well as other 
urinary tract diseases. Early and correct diagnosis, along with the most appro- 
priate treatment for the specific stage and grade of the patient’s disease, is 
keys to survival in bladder cancer. I believe that when utilized, this Guide will 
improve patients’ lives. 

On behalf of bladder cancer patients and their families, along with family 
members who have lost loved ones to this disease, I applaud the work and 
effort of the editors and contributors to this valuable treatise. 


Bethesda, MA, USA Diane Zipursky Quale 
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Preface 


Diseases of the urinary tract—whether benign or malignant—can present 
challenges in diagnosis and patient management. Increasing awareness of the 
complexity of urinary tract disease has prompted the formation of several 
national and international working groups focused on this anatomic region to 
better address outstanding questions in the field. 

It is clear that one factor contributing to delayed progress in understanding 
and treating urinary tract disease is the sometimes limited communication 
between pathologist and treating physician. With the expansion of subspe- 
cialty publications, new diagnostic pathology entities in bladder cancer may 
be limited to a pathology-only audience; similarly, new treatment methods 
and their impact in clinical care may be viewed primarily by an urologist and 
oncologist audience. The lack of crosstalk and collaborative communication 
in such situations can lead to missed opportunities in disease understanding 
and management. In light of this, we took a novel approach to designing this 
textbook: each chapter is written by a pathologist and treating physician, 
often assigned from different institutions. We deliberately structured our text 
in this manner to not only highlight challenging areas that arise in the “cross- 
talk” arena but also address potential institutional differences in the manage- 
ment of urinary tract patients. 

This book covers urethral, bladder, and upper tract disease, with emphasis 
on selected benign conditions—such as polypoid lesions, diverticular dis- 
ease, and inflammatory processes—and most neoplastic processes. Neoplasia 
is addressed from a clinical and pathological perspective, with chapters 
addressing urothelial carcinoma and variant histology, as well as a chapter 
describing mesenchymal lesions. Additional chapters address anatomy and 
histology of the urinary tract, the role of urine cytology, pathology-endoscopy 
correlates, chemotherapy for neoplasia, and the molecular pathogenesis of 
bladder cancer. 

Our primary goal in designing this text is to provide a comprehensive 
guide to the diagnosis and management of urinary tract disease for physicians 
and other health-care providers who diagnose and treat patients with urinary 


tract disease. We hope that by emphasizing potentially problematic areas for 
each disease entity, we can not only draw attention to areas of needed improve- 
ment but also stimulate the necessary discussions to solve these outstanding 
problems. 


Cleveland, Ohio, USA Donna E. Hansel, MD, PhD 
Stanford, California, USA Jesse K. McKenney, MD 
Cleveland, Ohio, USA Andrew J. Stephenson, MD 


Nashville, Tennessee, USA Sam S. Chang, MD 
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Part | 


The Urinary Tract 


Anatomy, Embryology, 


and Histology 


Renee Dintzis and Jennifer McBride 


Embryonic Origin of the Urinary Tract 


Although the urinary and genital systems func- 
tion as two separate systems, they are intimately 
related anatomically and embryologically. Both 
develop from a longitudinal elevation of interme- 
diate mesoderm along the posterior aspect of the 
body wall identified as the urogenital ridge. The 
urogenital ridge is divided into the nephrogenic 
cord that gives rise to the urinary system and the 
gonadal ridge that gives rise to the genital sys- 
tem. The following sections will focus on the 
development of the urinary system structures 
including the kidneys, ureters, urinary bladder, 
and urethra. 


Kidneys 


In the developing human embryo, three succes- 
sive sets of kidneys form along the posterior body 
wall. The initial set—the pronephroi—appears 
early in the fourth week as rudimentary nonfunc- 
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tional structures (Fig. 1.1). These initial struc- 
tures are localized in the cervical region and are 
composed of a small cluster of cells with tubular 
ducts that open caudally into the cloaca, the ter- 
minal part of the hindgut. While the collective 
mass of the pronephroi degenerates by the end of 
the fourth week, a length of the pronephric ducts 
endures as a precursor to the next set of kidneys. 

The second set of kidneys appears late in the 
fourth week as the mesonephroi immediately 
caudal to the initial pronephroi (Fig. 1.1a). This 
second set is well developed and continues to 
function until approximately the ninth week of 
fetal development when the permanent kidneys 
become fully developed. As the mesonephric 
tubules grow medially they surround a cluster of 
capillaries to form a glomerulus and the sur- 
rounding Bowman’s capsule; collectively, these 
structures are referred to as a renal corpuscle. 
Laterally, the mesonephric tubules enter the 
mesonephric (Wolffian) ducts, originally the pro- 
nephric ducts, and continue caudally to open into 
the cloaca (Fig. 1.la). While the mesonephroi 
degenerate near the end of the first trimester, the 
mesonephric ducts persist in the male and con- 
tribute to the formation of the genital system 
including the seminal vesicles, ejaculatory ducts, 
epididymis, and vas deferens. 

The third and permanent set of kidneys—the 
metanephroi—begins to develop early in the fifth 
week and to become functional in approximately 
the ninth week. The metanephroi develop from 
two sources: the metanephric diverticulum 
(ureteric bud), an outgrowth of the mesonephric 


D.E. Hansel et al. (eds.), The Urinary Tract: A Comprehensive Guide to Patient Diagnosis and Management, 3 
DOI 10.1007/978-1-4614-5320-8_1, © Springer Science+Business Media New York 2012 


Metanephric 
diverticulum 
(ureteric bud) 


Primordium of metanephros (permanent kidney) 


Metanephrogenic blastema 
(metanephric mass of mesenchyme) 


R. Dintzis and J. McBride 


b Mesonephnic duct 


Metanephrogenic 
blastema 


Stalk of metanephric 
diverticulum 


Metanephric 
diverticulum 


Renal pelvis 


Major calyx 
qd Ureter 
Minor calyx 


Renal pelvis 


e Mesenchymal 
cell cluster 


Metanephrogenic 
blastema 


Groove between lobes 


Straight 
collecting 
tubule 


Arched collecting tubule 


Fig. 1.1 Lateral view of the developing metanephros in a 5-week embryo (reprinted with permission from Moore and 


Persaud [4]) 


duct adjacent to its entrance into the cloaca, and 
the metanephrogenic blastema (metanephric 
mass of mesenchyme) that arises from the caudal 
aspect of the nephrogenic cord (Fig. 1.la). The 
connecting stalk of the metanephric diverticulum 
develops into the ureters, and the cranial portion 
infiltrates the metanephrogenic blastema, subse- 
quently causing the bulb of the diverticulum to 
subdivide repetitively into several branches. This 
branching pattern will form the primitive renal 
pelvis, major and minor calyces, and the collect- 
ing tubules (Fig. 1.1b-e). After penetrating the 
metanephrogenic blastema, the distal end of each 
collecting tubule induces the cells in the blastema 
to form metanephric vesicles that develop into 
S-shaped metanephric tubules with the proximal 
end invaginated by a glomeruli (Fig. 1.2). These 
tubules become distal convoluted tubules, proxi- 
mal convoluted tubules, and the nephron loop 
(of Henle). Along with the glomeruli and its cap- 
sule, these tubules comprise a nephron or excre- 
tory unit. At its “distal” end each distal convoluted 
tubule is confluent with a collecting tubule, thus 
establishing a confluence between Bowman’s 
capsule and the collecting unit. 


Continuing up until the 32nd week of gesta- 
tion the number of kidney glomeruli steadily 
increases. Nephrons also continue to form until 
birth when nephron development and formation 
is completed, with approximately 1-2 million 
nephrons in each kidney. At birth, the kidney has 
a lobulated appearance that diminishes during 
infancy as the nephrons and surrounding tissues 
continue to grow. 

Initially, the metanephric kidneys are located 
in the pelvis just ventral to the sacrum. By the 
ninth week of development, the kidneys have 
ascended from the pelvis into the abdomen to 
reach their adult position along the posterior 
abdominal wall. Increased growth of the lumbar 
and sacral regions induces kidney ascent. As 
they ascend, the kidneys receive arterial branches 
from surrounding blood vessels. While in the 
pelvis, the kidneys receive arterial blood supply 
from the common iliac arteries. During their 
ascent, the kidneys are supplied by the aortic 
arterial branches until they reach the abdominal 
aorta, at which point they receive blood supply 
from the permanent renal arteries. The more 
caudal arterial branches from the common iliac 
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Fig. 1.2 Nephron a 
development from the 
metanephric tubules. 

(a) Initiation of 
nephrogenesis, week 8. 
(b) Uriniferous tubules 
are formed by continuity 
of the collecting tubules 
with the metanephric 
tubules (reprinted with 
permission from Moore 
and Persaud [4]) 


and distal aorta degenerate as the kidneys 
migrate rostrally; however, some vessels may 
remain as accessory renal arteries. These acces- 
sory arteries directly reflect the changing blood 
supply to the kidneys during development. 
Typically, these arteries branch off the aorta 
near the renal artery to enter the hilum of the 
kidney. Branches that course anterior to the ure- 
ter to enter the inferior pole of the kidney may 
lead to obstruction of the ureter resulting in 
obstructive hydronephrosis. 


Bladder and Ureters 


The bladder and urethra develop from the uro- 
genital sinus that is formed during the fourth to 
seventh week of gestation, when the cloaca is 
divided by the urorectal septum into an anal canal 
posteriorly and urogenital sinus anteriorly 
(Fig. 1.3a). Three divisions of the urogenital 
sinus are identified: an upper or cranial part that 
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forms the majority of the bladder, a middle pelvic 
section that will become the entire urethra in 
females as well as the bladder neck and prostatic 
urethra in males, and a caudal phallic part that 
extends towards the genital tubercle. Early dur- 
ing bladder development, the bladder is continu- 
ous with the allantois, a sac-like structure that 
collects liquid waste and exchanges gases used 
by the embryo. Eventually, the allantois constricts 
and forms a fibrous cord—the urachus—that con- 
nects the apex of the bladder to the umbilicus and 
that subsequently forms the median umbilical 
ligament in the adult (Fig. 1.3b, c). 

As the bladder develops, the caudal aspects of 
the mesonephric ducts are absorbed into the blad- 
der wall and contribute to the formation of the 
trigone. As a result, the ureters that initially 
developed from the mesonephric ducts enter the 
bladder separately. During kidney ascent, the ure- 
teral openings migrate superolaterally to enter 
the base of the bladder at an oblique angle, 
whereas the mesonephric duct openings move 


Fig. 1.3 Lateral view of a 
the 5-week embryo. 

(a) Development of the 
urogenital sinus and 
rectum formed by division 
of the cloaca. (b) Male 
urogenital sinus and 
rectum at 12 weeks. 

(c) Female urogenital 
sinus and rectum at 12 
weeks (reprinted with 
permission from Moore 
and Persaud [4] 
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close together to form the ejaculatory ducts in the 
prostatic urethra. In females, the distal ends of 
the mesonephric ducts degenerate. 


Urethra 


In both sexes, the majority of epithelium lining 
the urethra is derived from the urogenital sinus 
endoderm, while surrounding smooth muscle and 


deferens 


connective tissues originate from splanchnic 
mesenchyme. The distal epithelium of the male 
urethra is derived from the glandular plate ecto- 
derm that migrates from the glans penis to line 
the navicular fossa and join the spongy urethra. 
Near the end of the third month, the epithelium 
lining the prostatic urethra develops outgrowths 
that infiltrate the surrounding mesenchyme to 
form the prostate gland in males and urethral and 
paraurethral glands in females. 
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Anatomy of the Urinary Tract 
Kidney 


Structure 

The kidneys function primarily to maintain fluid 
volume and composition and secondarily to regu- 
late homeostatic functions such as acid—base bal- 
ance and blood pressure. The kidneys are 
retroperitoneal organs positioned lateral to the 
vertebral column at the T12-L3 level in the 
supine position. The right kidney sits slightly 
lower due to its relationship with the liver above, 
while the left kidney sits closer to the midline, is 
somewhat narrower and generally 1 cm longer. 
Blood vessels, nerves, lymphatics, and the ure- 
ters enter and exit the bean-shaped organs through 
the concave hilum on the medial surface. 

In the living tissue, the parenchyma of the kid- 
ney appears reddish brown and is divided into an 
outer cortex and inner medulla, the organization 
of which can be seen clearly in longitudinal sec- 
tion. The cortex contains a filtration apparatus 
that consists of an extensive vascular supply, col- 
lecting tubules and ducts, convoluted and straight 
tubules, and renal corpuscles. As the cortex 
arches over the medullary pyramids it sends 
intervening projections called renal columns into 
the medulla towards the renal sinus, a cavity 
within the kidney containing, nerves, vessels, 
calyces, and the renal pelvis. These renal col- 
umns are considered structures of the renal 
medulla. The inner medulla contains 6—12 pale 
conical-shaped medullary pyramids with the base 
of each pyramid oriented towards the cortex and 
an apex, or renal papilla oriented towards the 
renal sinus. Each renal papilla drains urine into a 
cup-like minor calyx, with 2-3 minor calyces 
combining to form a major calyx. Within the 
renal sinus the major calyces then converge to 
drain into the renal pelvis, the dilated proximal 
portion of the ureters. 


Fascia and Relationships 

Surrounding the kidneys are alternating layers of 
fascia and adipose tissue. The fascial layer in 
immediate contact with the kidney is the renal 


capsule—a histological component of the kidney 
itself. Encompassing the renal capsule is a mass 
of extraperitoneal fat referred to as perinephric fat 
(Fig. 1.4). Anterolateral to the kidney, two mem- 
branous layers split from the surrounding trans- 
versalis fascia and course medially enclosing the 
perinephric fat as renal (Gerota’s) fascia. The 
anterior layer continues medially and fuses with 
the connective tissue of the inferior vena cava and 
aorta or may join with the anterior layer from the 
opposing side. The posterior layer also continues 
medially to fuse with fascia of the psoas major 
muscle. Inferiorly, both layers surround the ureter. 
Superiorly, these layers cover the adjacent adrenal 
gland with an intervening septum separating the 
gland from the kidney. The final layer, paranephric 
fat, is positioned along the posterolateral aspect of 
the kidney between the posterior layer of renal 
fascia and transversalis fascia. 


Blood Vessels and Lymphatic Drainage 
The kidneys receive blood from the left and right 
renal arteries that arise from the abdominal aorta 
just inferior to the superior mesenteric artery at 
the L1-L2 vertebral level (Fig. 1.5). Both arteries 
are positioned posterior to the renal veins as they 
project laterally towards the renal hilum. Due to 
the location of the abdominal aorta slightly left of 
midline, the right renal artery is longer than the 
left renal artery and passes posterior to the infe- 
rior vena cava. As the renal arteries approach the 
hilum they split into anterior and posterior 
branches that divide into multiple segmental 
arteries perfusing the parenchyma of the kidneys. 
Extrahilar or accessory arteries are common and 
usually branch off the abdominal aorta superior 
or inferior to the main renal artery trunk. 

The renal veins leave the renal hilum to drain 
into the inferior vena cava at the L1 vertebral 
level. Due to the location of the inferior vena cava 
to the right of midline, the left renal vein is longer 
than the right renal vein and passes posterior to 
the superior mesenteric artery as it crosses the 
midline to join the inferior vena cava (Fig. 1.6). 

Lymphatic vessels from the kidneys follow 
the renal veins to drain into the left and right 
lateral lumbar (caval or aortic) nodes near the ori- 
gin of the renal arteries. 
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Fig. 1.4 Relationship of the surrounding fat and fascia to the kidney (reprinted with permission from Drake et al. [1, 2]) 
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Fig. 1.5 Arterial and venous blood supply to the kidney (reprinted with permission from Drake et al. [1, 2]) 


Innervation 

Innervation of the kidneys originates from sym- 
pathetic nerve fibers from T1-L1 spinal cord 
levels traveling in the renal plexus along the sur- 
face of the renal artery. This plexus receives 
postganglionic fibers from the celiac plexus and 
preganglionic fibers from the least splanchnic 


and first lumbar splanchnic nerves. Nerves from 
the renal plexus travel along the renal arteries to 
enter the hilum of the kidney for innervation of 
the tubules, glomeruli, and blood vessels. While 
parasympathetic fibers are present in this plexus, 
these fibers do not appear to play a role in kid- 
ney function. 
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Fig. 1.6 Areas of constriction along the course of the ureter (reprinted with permission from Drake et al. [1, 2]) 


Ureters 


Pathway and Relationships 

The ureters are muscular ducts that transmit urine 
from the kidneys to the urinary bladder. In adults, 
the ureters are approximately 3—4 mm in diame- 
ter, 25-30 cm long and course retroperitoneally 
between the renal pelvis of the kidneys and base 
of the urinary bladder. As the renal pelvis proj- 
ects inferiorly from the hilum of the kidneys, it 
narrows to connect with the ureters at the uretero- 


pelvic junction (Fig. 1.6). This is the first of three 
constriction points along the path of the ureter 
where renal calculi or other debris may become 
lodged. Other areas where the ureters may be 
anatomically constricted include the pelvic inlet 
as the ureters pass anterior to either the distal 
common iliac artery or proximal external iliac 
artery and the ureterovesical junction as the ure- 
ters pass through the bladder wall. 

Along their course towards the pelvic cavity 
the ureters are related to several different struc- 


Inferior vena cava 


Right suprarenal gland 


Right kidney 


Ureter 


R. Dintzis and J. McBride 


Esophagus 
Diaphragm 


Left suprarenal gland 


Left kidney 


Abdominal aorta 


Gonadal vessels 


Fig. 1.7 Relationship of the ureters to posterior abdominal wall structures (reprinted with permission from Drake 


et al. [1, 2]) 


tures. At the ureteropelvic junction, the left ureter 
is lateral to the aorta whereas the right ureter is 
lateral to the inferior vena cava (Fig. 1.7). In the 
abdomen, both ureters pass anterior to the psoas 
major muscle, genitofemoral nerve, and are 
crossed obliquely on their anterior surface by the 
gonadal vessels. Continuing inferiorly, the left 
ureter is positioned lateral to the inferior mesen- 
teric vein through much of its path and courses 
posterior to the jejunal and sigmoid portions of 
the small and large bowel. From its point of ori- 
gin the right ureter is situated posterior to the 
descending duodenum and is crossed anteriorly 
by the right colic and ileocolic arteries inferiorly. 
Near its entrance into the pelvic cavity it is located 
posterior to the terminal portion of the ileum. 
After passing through the pelvic inlet, the ure- 
ters are positioned along the posterior aspect of 
the lateral pelvic wall, anterior to the internal 
iliac artery and initial segment of the anterior 
trunk of the internal iliac. Upon reaching the 


ischial spine the ureters turn anteromedially to 
enter the outer wall of the bladder. Along their 
course in the pelvis, the ureters pass over the fas- 
cia of the obturator internus, levator ani muscles, 
and are located medial to the umbilical artery, 
inferior vesical artery, uterine artery (in the 
female), and obturator nerve, artery, and vein. 

In addition to the previously mentioned rela- 
tionships, the ureters are associated with different 
structures present in the male and female pelvic 
cavity. In females, once the ureters have crossed 
the pelvic brim they are located posterior to 
the ovaries and travel anteriorly and medially in the 
uterosacral folds (Fig. 1.8a). Near the base of 
the broad ligament they pass inferior to the uterine 
arteries and continue on to the base of the bladder. 
After crossing the pelvic brim in males, the ureters 
pass anteriorly and medially in the sacrogenital 
folds (Fig. 1.8b). As they travel towards the base of 
the urinary bladder they lie inferior to the ductus 
deferens and anterior to the seminal vesicles. 
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Fig. 1.8 Relationship of the ureters to the pelvic cavity. (a) In the female. (b) In the male. (reprinted with permission 


from Drake et al. [1, 2]) 


Blood Vessels and Lymphatics 
Arterial branches perfusing the ureters arise 
directly from the aorta as well as the renal, 
gonadal, common iliac, internal iliac, vesical, 
and uterine arteries (Fig. 1.6). While the distribu- 
tion of these anastomosing vessels to the ureters 
is variable, branches from the renal arteries and 
inferior vesical arteries appear to be the most 
consistent. Venous drainage from the ureters fol- 
lows a pattern similar to the arterial supply. 
Lymphatic fluid from superior regions of the 
ureters may follow lymphatic vessels from the 
kidneys or drain into lateral aortic nodes next to 
the lumbar vertebrae. Vessels from the mid-region 
of the ureters coalesce in common iliac nodes and 
inferior portions drain into nodes related to the 
common, external, and internal iliac vessels. 


Innervation 

Nerve fibers innervating the ureters arise from sym- 
pathetic fibers from T12 to L1 and parasympathetic 
fibers from S2 to S4 spinal cord levels. These fibers 
reach the superior, intermediate, and inferior regions 
of the ureter by passing through the renal, abdomi- 
nal aortic, superior hypogastric, and inferior hypo- 
gastric plexuses. The functional role of these fibers 
is to modulate contractile events. Initiation of con- 
traction is believed to occur through possible pace- 


maker sites in the minor calyces. Contraction 
initiated in the minor calyces is then propagated 
through the adjacent major calyces to maintain flow 
of urine away from the kidney parenchyma. 

Pain associated with extreme distention or 
spasm of the ureter is primarily referred to cuta- 
neous areas innervated by the T11-L2 spinal cord 
levels. Areas affected would most likely include 
the lateral and posterior abdominal wall, pubic 
region, scrotum, labia majora, and anterior aspect 
of the proximal thigh. 


Bladder 


Structure 

The hollow urinary bladder is a reservoir for 
temporary storage of urine conveyed by the ure- 
ters from the kidneys. When empty, the bladder 
is located entirely in the pelvic cavity and takes 
on a pyramidal shape with a superior surface, 
two inferolateral surfaces, an apex, and a base. 
As it fills, the bladder extends anteriorly and 
superiorly into the abdominal cavity and has a 
dome-like appearance (Fig. 1.9). In children, the 
bladder is mostly in the abdominal cavity and 
continues descending to reach the pelvic cavity 
after puberty. The bladder wall has several layers 
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Fig. 1.9 Shape and 
orientation of the urinary 
bladder when full and 
empty (reprinted with 
permission from Drake 
et al. [1, 2]) 


Fig. 1.10 Interior surface 
of the urinary bladder base 
showing the trigone 
(reprinted with permission 
from Drake et al. [1, 2]) 
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of smooth muscle that allows it to distend for smooth area known as the trigone. This is a tri- 
accommodation of urine and to contract for angular-shaped region that connects the open- 


voiding when the bladder becomes 


full. ings of the two ureters superiorly and urethra 


Internally, along the base of the bladder is a inferiorly (Fig. 1.10). 
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Fascia, Relationships, and Ligaments 

The entire superior surface of the bladder in 
males and majority of the superior surface in 
females is covered by peritoneum that is continu- 
ous with the median and medial umbilical folds 
on the anterior abdominal wall. This reflection of 
peritoneum creates the supravesical fossa. 
Posteriorly in the male, the peritoneum extends 
to the base of the bladder, forms the lining of the 
rectovesical pouch (Fig. 1.1la), and terminates 
laterally as the sacrogenital folds. In females, the 
peritoneum extends posteriorly without reaching 
the base of the bladder and reflects onto the body 
and isthmus of the uterus to form the lining of the 
vesico-uterine pouch (Fig. 1.11b). In both males 
and females, the inferolateral surface of the blad- 
der is devoid of peritoneum and is separated from 
the pubis and puboprostatic ligament in males, or 
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pubovesical ligament in females, by the retropu- 
bic space (of Retzius). 

The bladder is bordered by several different 
structures in the male and female pelvic cavity. 
The anterior surface is in contact with the pubic 
symphysis, retropubic fat pad, and anterior 
abdominal wall. Laterally, it is related to the 
obturator internus superiorly and levator ani mus- 
cles inferiorly. The remaining surfaces of the 
bladder are associated with different structures 
depending on location in the male or female. In 
the male, the neck of the bladder is in contact 
with the superior aspect of the prostate gland. 
Posteriorly are the rectovesical pouch, ductus 
deferens, and seminal vesicles. The superior 
aspect is related to the peritoneal cavity, ileum, 
and sigmoid colon. In the female, the neck of the 
bladder rests on the urogenital diaphragm. 
Immediately posterior to the bladder is the vagina 


Rectovesical pouch 


Fig. 1.11 Peritoneum lining the pelvis. (a) In the male. (b) In the female (reprinted with permission from Drake et al. [1, 2]) 
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Fig. 1.11 (continued) 


and lower portion of the uterus. The superior 
aspect is related to the peritoneal cavity, vesico- 
uterine pouch, and body of the uterus. 
Stabilization of bladder position is achieved 
by condensations of pelvic fascia and peritoneum 
that connect the bladder to the anterior abdomi- 
nal wall, pubis, lateral pelvis, and rectum. 
Anteriorly, the obliterated urachus or median 
umbilical ligament connects the apex of the blad- 
der to the umbilicus on the anterior abdominal 


wall. Rarely, extravasation of urine into the pat- 
ent urachal remnant can result in urachal cyst or 
fistula. In the female pelvis, anterior extensions 
of the tendinous arch of pelvic fascia connect the 
bladder to the pubis as the pubovesical ligaments 
(Fig. 1.12a). Inferiorly the tendinous arch con- 
nects with the visceral fascia of the vagina as the 
paracolpium to assist the vagina in bearing the 
weight of the bladder. The male counterpart to 
the pubovesical ligament is the puboprostatic 
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Fig. 1.12 Ligament 
surrounding the neck of the 
bladder and pelvic urethra 
in (a) the female and 

(b) the male (from Drake 
et al. [1, 2]) 


ligament that connects the prostate to the pubis 
(Fig. 1.12b). From the side wall of the pelvis, a 
condensation of pelvic fascia referred to as the 
hypogastric sheath sends a layer medially, which 
connects with the lateral aspect of the bladder as 
the lateral ligaments. These ligamentous struc- 
tures convey the superior vesical arteries and 
veins. A second layer of the hypogastric sheath— 
the rectovesical septum—forms a partition 
between the posterior surface of the prostate and 
bladder and anterior surface of the rectum in 
males. In the female this layer is considerably 
thicker and is referred to as the cardinal or trans- 
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verse cervical ligaments, passing medial to the 
cervix and vagina. 


Blood Vessels and Lymphatics 

The main blood supply to the bladder is through 
the superior and inferior vesical arteries. Both 
arteries are branches off the anterior trunk of the 
internal iliac (Fig. 1.13). After branching off the 
umbilical artery, the superior vesical artery turns 
medially and courses inferior to supply the fun- 
dus of the bladder and distal ureter. The inferior 
vesical artery is present in the male and distrib- 
utes to the base of the bladder, distal ureter, pros- 
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Fig. 1.13 Arterial branches from the anterior trunk of the internal iliac artery (from Drake et al. [1, 2]) 


tate, and seminal vesicles. In the female, the 
vaginal artery is equivalent to the inferior vesical 
artery and supplies the vagina as well as neigh- 
boring portions of the bladder and rectum. 

Venous drainage from the bladder follows a net- 
work of vessels referred to as the vesical venous 
plexus near the neck of the bladder. These vessels 
then travel posteriorly through the lateral ligaments 
of the bladder to reach the internal iliac veins. 
Lymphatic drainage from the bladder coalesces in 
nodes related to the common, internal, and external 
iliac arteries; however, the external iliac receives 
the vast majority of lymphatic drainage. 


Innervation 

Visceral efferent nerve fibers to the bladder arise 
from the pelvic plexus, a collection of autonomic 
nervous system fibers and ganglia along the lateral 
aspect of the bladder, rectum, and internal genitalia. 
Parasympathetic nerves in this plexus arise from 


spinal cord levels S2-S4 as the pelvic splanchnics 
and inferior hypogastric plexus. These fibers supply 
motor innervation to the detrusor muscle of the 
bladder wall for urine voidance. Sympathetic fibers 
arise from the spinal cord levels T10-L2 as well as 
the hypogastric plexuses and nerves. These fibers 
facilitate contraction of the internal urethral sphinc- 
ter to discontinue urine voidance. Afferent informa- 
tion regarding pain and distention from the inferior 
aspect of the bladder travels with parasympathetic 
nerves. Because the superior surface of the bladder 
is covered by peritoneum, it is above the pelvic pain 
line so afferent fibers from this region travel with 
sympathetic fibers to T11-L3 spinal ganglia. 


Urethra 


The urethra extends from the internal urethral 
orifice of the bladder to the external urethra 
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Fig. 1.14 (a) The female urethra. (b) Divisions of the male urethra (from Drake et al. [1, 2]) 


orifice in the perineum. The pathways of the 
female and male urethra are vastly different and 
will be described separately. In females, the ure- 
thra is generally 4 cm long and is located poste- 
rior to the pubic symphysis and anterior to the 
vaginal wall (Fig. 1.14a). As the urethra courses 
anteriorly and inferiorly, it passes through the 
deep perineal pouch where it is surrounded by the 
external urethral sphincter. Inferiorly, the urethra 
passes through the perineal membrane to end in 
the vestibule as the external urethral orifice, 
immediately posterior to the vaginal orifice. 
Multiple mucous glands are located along the 
length of the urethra. Near the distal portion of 
the urethra a collection of these glands group 
together as the paraurethral or Skene’s glands and 
drain into the paraurethral duct to reach the lat- 
eral wall of the external urethral orifice. 


The male urethra is approximately 20 cm in 
length and is divided into a bulbar and pendulous 
component based on its location within and distal 
to the perineum (Fig. 1.14b). Along its course it 
is further subdivided into a preprostatic, prostatic, 
membranous, and spongy division. Extending 
from the internal urethral orifice of the bladder to 
the prostate is the preprostatic portion. Coursing 
through the prostate gland is the prostatic urethra, 
which has a longitudinal fold of mucosa along its 
inner posterior wall referred to as the urethral 
crest. Along the urethral crest is a prominent 
crescent-shaped bulge identified as the seminal 
colliculus, a landmark used in surgery for local- 
izing the internal urethral sphincter superiorly. 
On the surface of the seminal colliculus are open- 
ings for the prostatic utricle and ejaculatory ducts 
for passage of seminal fluid. Lateral to the colli- 
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culus on either side are the prostatic sinuses with 
several small openings for the prostatic ducts. 
The 2-cm segment inferior to the prostatic ure- 
thra is the membranous urethra, which passes 
through the deep perineal pouch to reach the bulb 
of the penis as the spongy urethra. Surrounding 
the epithelial lining of the membranous urethra 
inferiorly is a striated muscle layer that forms the 
external urethral sphincter. Embedded in this 
muscular structure in the deep perineal pouch are 
the bulbourethral glands that secrete into the 
spongy urethra during sexual arousal. The lon- 
gest and most distal section of the urethra is 
referred to as the spongy urethra that travels 
through the corpus spongiosum to reach the glans 
of the penis. Within the glans, the spongy urethra 
enlarges as the navicular fossa prior to its termi- 
nation has the external urethral orifice at the dis- 
tal end of the glans. Along its course the spongy 
urethra makes two turns, the first is within the 
bulb of the penis as the urethra turns anteriorly 
and the second is at the transition point between 
the bulb and the pendulous portion as the urethra 
turns inferiorly in the flaccid penis. 


Blood Supply and Lymphatics 

The internal pudendal artery, a branch from the 
anterior trunk of the internal iliac, supplies the 
majority of blood to the urethra. In the female, 
the urethra also receives contributions from the 
vaginal artery. In the male, the dorsal artery of 
the penis as well as the abundant vascular net- 
work of the corpus spongiosum perfuses the 
urethra. 

Venous drainage is via a large venous plexus 
within the pelvic cavity that coalesces into the 
internal and finally common iliac vessels. 
Lymphatic drainage from the urethra passes pri- 
marily to the internal and external iliac nodes. In 
the male, lymphatics from the mid urethra and 
distal urethra can drain into the deep and superficial 
inguinal nodes. 


Innervation 

The urethra is innervated by parasympathetic fibers 
from the pelvic splanchnics (S2-S4) and sympa- 
thetic fibers from the lumbar splanchnics (L1-L2). 
These nerve fibers travel in the vesical plexus in 
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females or prostatic plexus in males for contraction 
of the urethral walls and relaxation of the internal 
urethral sphincter. Skeletal muscle structures sur- 
rounding the urethra, such as the external urethral 
sphincter, are innervated by the branches of the 
pudendal nerve (S2-S4). Afferent fibers from the 
urethra travel back to the spinal cord with the para- 
sympathetic fibers of the pelvic splanchnic nerves. 


Histology of the Urinary Tract 
Urothelium 


The hallmark of the urinary tract—including the 
renal pelvis, ureter, bladder, and urethra—is the 
presence of distinctive urothelium (formerly 
“transitional epithelium”) that lines these struc- 
tures. The urothelium functions to maintain an 
impermeable barrier to urine, while still allowing 
expansion and contraction of the urinary tract lin- 
ing. Urothelial cells contain thickened cell mem- 
branes, with surface plaques and plasmalemma 
infoldings. This surface modification allows for 
additional plasma membrane to be inserted or 
removed, thus allowing marked changes in the 
surface area during cycles of expansion or con- 
traction. There are also numerous junctional 
complexes between urothelial cells, allowing the 
passage and storage of toxic and concentrated 
urine without damage to the underlying tissues. 
The urothelium generally consists of 3-7 lay- 
ers of urothelial cells capped by a layer of umbrella 
cells (Fig. 1.15a). Under normal circumstances, 
benign urothelium demonstrates nuclear orienta- 
tion towards the luminal surface, longitudinal 
nuclear grooves, and a relatively uniform appear- 
ance. Variation in urothelial thickness can occur 
and often the result of the expanded/contracted 
state of the lining during specimen fixation. 
However, certain pathological conditions may 
also result in a thickened appearance to the urothe- 
lium, termed “hyperplasia.” Although the urothe- 
lial cells maintain relative uniformity, umbrella 
cells have a notorious reputation for displaying 
marked atypia under normal conditions, which 
may periodically lead to confusion with neoplas- 
tic conditions. At all sites, the urothelium is sepa- 


1 Anatomy, Embryology, and Histology 


19 


Fig. 1.15 (a) Normal urothelium is approximately 
4—7cell layers thick and demonstrates open chromatin 
with occasional nuclear grooves. (b) Reactive urothelium 
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Fig. 1.16 Kidney structure. Inset shows cortical and medullary segments of the kidney nephron. © CCF 2010 


rated from underlying structures by the presence 
of a thin basement membrane. 

Under reactive conditions, the urothelium may 
acquire “atypical” features, including nuclear 
enlargement, variation in nuclear orientation, and 
small nucleoli (Fig. 1.15b). However, reactive 
urothelium maintains the open chromatin and 
smooth nuclear contours that define benign 
urothelial cells, thus aiding in the correct diagno- 
sis. The presence of acute and chronic 
inflammatory cells within the urothelium is also a 
helpful indicator of a reactive process, although it 
is not exclusive to benign conditions. 

As the kidney is responsible for urine forma- 
tion and may represent the source of a subset of 
urothelial carcinomas within the urinary tract, a 


brief discussion of kidney histology is presented, 
followed by a histological overview of the ureter, 
bladder, and urethra. 


Kidney 


Organization 

Each kidney is divided into an outer cortex and an 
inner medulla (Fig. 1.16). The medulla consists of 
10-18 cone-shaped structures termed pyramids. 
Each pyramid contains a cap of cortical tissue and 
is collectively termed a kidney lobe. The func- 
tional unit of the kidney is the nephron, with 
approximately one million nephrons housed 
within each kidney. The nephron consists of a 
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Fig. 1.17 Normal kidney histology can be readily distinguished. (a) The cortex contains glomeruli and an abundance 
of proximal tubules. (b) The medulla consists primarily of distal tubules and collecting ducts 


dilated portion—the glomerulus or “renal 
corpuscle”—connected to a long, elaborate renal 
tubule containing distinct regions, each of which 
has a different function and histological appear- 
ance. The nephron arises in the cortex, loops down 
into the medulla, returns to the cortex, and then 
drains into collecting ducts that descend again 
into the medulla. Collecting ducts converge into 
large papillary ducts that empty urine into the 
minor renal calyces through small holes on the 
surface of the tips of the papillae. 


The Glomerulus 


The glomerulus consists of a tuft of capillaries 
that is surrounded by Bowman’s capsule 
(Fig. 1.17a). The ultrafiltrate of blood—contain- 
ing mainly water and salts—is formed here and 
collected within the surrounding space. The 
glomerulus consists of a number of distinct com- 
ponents, including the capillaries, podocytes, 
and mesangial cells. The glomerular capillaries 
are lined by a simple layer of fenestrated endothe- 
lium. The fenestrae at this site have a larger 
(50-100 nm) diameter than that found in fenes- 
trated endothelium elsewhere in the body, which 
allows for increased permeability of the capil- 
lary wall. Podocytes rest on top of the glomeru- 
lar capillaries and contain spider-like processes 
that interdigitate with one another, resulting in 
some of the most complex epithelial—epithelial 
interactions in the body. Mesangial cells are 


modified pericytes that are situated between the 
capillary tufts of the glomerulus. They have 
properties distinct from pericytes elsewhere in 
the body: they can contract and relax, thus modi- 
fying glomerular filtration; they respond to local 
injury by proliferating; and they aid in the pro- 
duction and breakdown of the basement mem- 
brane lying between the capillary endothelial 
cells and the podocytes. 

Substances filtered from the blood in the 
glomerulus must pass through three morphologi- 
cal structures: (1) the fenestrated endothelium, 
(2) the glomerular basement membrane, and 
(3) the filtration slits between the pedicels of the 
podocytes. The glomerular basement membrane 
is synthesized by both the podocytes and the cap- 
illary endothelial cells and measures 320-340 nm 
in thickness. Three layers constitute the basement 
membrane: a central, electron dense layer (lam- 
ina densa) and two less dense layers (lamina rara) 
on either side. The membrane acts as a selective 
size and charge barrier. 


Renal Tubules and Collecting Ducts 


The ultrafiltrate formed at the level of the glomerulus 
drains from Bowman’s capsule into a series of 
tubules: (1) the proximal convoluted tubule, (2) the 
loop of Henle, (3) the distal convoluted tubule, and 
(4) the collecting ducts (Fig. 1.17b). 

The proximal tubule is the longest tubule in 
the cortex and is the tubule most frequently seen 
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in a section of the cortex. It has a wide lumen, 
lined by eosinophilic, cuboidal epithelium with 
abundant apical microvilli that serve to increase 
the absorptive surface area of these cells. In this 
section of the tubule, 80% of water and salts are 
reabsorbed and all glucose is reabsorbed. Amino 
acids and small proteins that may have leaked 
through are also reabsorbed. Certain organic 
acids and bases are secreted into the tubule here 
as well. To provide the energy for their salt- 
pumping functions, proximal tubule cells have 
abundant mitochondria, which result in the strik- 
ing eosinophilic appearance of these cells. 
Proteins of molecular mass less than 60 kD that 
may have leaked through the filtration barrier are 
removed by endocytosis and subsequent lyso- 
somal digestion within the proximal tubule 
cells. 

The loop of Henle is the U-shaped structure of 
the nephron and consists of the thick descending 
limb, the thin descending and ascending limbs, 
and the thick ascending limb. The thick descend- 
ing limb is similar in structure to the proximal 
tubule, while the thick ascending is similar in 
structure to the distal tubule. The thick ascending 
limb is one of the most important loop structures 
that maintain the salt gradient in the medulla; it 
performs this function by actively pumping NaCl 
out of the tubule and into the medullary intersti- 
tium. The cells in the wall of the ascending thick 
limb are impermeable to water, so the contents 
become hypotonic as salt is pumped out of the 
tubule. As in the proximal tubule cells, mitochon- 
dria in the thick ascending limb cells are abun- 
dant to supply energy for ion pumping. 

As the thick ascending limb returns to the cortex, 
it makes contact with the vascular pole of the “par- 
ent’ renal corpuscle from which the tubules origi- 
nated, to form the macula densa. Macula densa 
cells sense the ionic content and water volume of 
the tubular fluid and influence the glomerular 
filtration rate as well as blood pressure via stimulat- 
ing renin secretion and nitric oxide synthesis. 

The distal convoluted tubule is the convoluted 
continuation of the thick ascending limb of the 
loop of Henle after it enters the cortex. It is lined 
by cuboidal epithelium, similar in appearance to 
that of the thick ascending limb. The cells of the 
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distal convoluted tubule are responsive to aldos- 
terone, resulting in ion exchange; Na* is absorbed 
and K* is excreted. This section of the nephron 
helps to maintain the acid—base balance of blood 
by secreting hydrogen and ammonium ions into 
the urine. 

Finally, the collecting tubules are continuous 
with the distal convoluted tubules and empty into 
cortical collecting ducts. The cells of the cortical 
collecting tubules and ducts are columnar and 
pale staining, with no brush borders and sparse 
mitochondria (Fig. 1.17b). When a number of 
them course together, they appear as pale medul- 
lary rays. The larger papillary collecting ducts 
course through the medulla and empty the formed 
urine into the minor and then major calyces. 
Ultimately, the urine passes through the renal 
pelvis and into the ureter. 


Renal Pelvis 


The renal pelvis represents the outflow tract from 
the kidney and transitions to the ureter at the ure- 
teropelvic junction, which demonstrates no 
defined distinction at the histological level. The 
renal pelvis consists of several layers that range 
in order from superficial to deep of urothelium, 
subepithelial connective tissue, muscularis, 
peripelvic fat, and ultimately renal parenchyma 
(Fig. 1.18). Although staging of urothelial carci- 
nomas at this location is performed relative to 
these histological structures, the distinction of 
these layers is not always clearly apparent, with 
discontinuous or absent muscularis in sections 
taken from various locations. 


Ureter 


The ureter allows the passage of urine from the 
kidney to bladder via peristaltic action of the sur- 
rounding muscle. The ureter itself consists of sev- 
eral layers that include the urothelium, subepithelial 
connective tissue, muscularis, periureteral fat, and 
either adventitia or serosa, depending upon the 
location of ureter (Fig. 1.19a, b). The muscularis 
is arranged into inner longitudinal and outer cir- 


22 


Fig. 1.18 Low 
magnification of the renal 
pelvis shows several 
layers, including the 
urothelium, subepithelial 
connective tissue, 
muscularis, and renal 
pelvic fat 


Fig. 1.19 (a) Low magnification cross section through 
the ureter demonstrating the ureteral lumen surrounded by 
urothelium and ureteral wall. (b) The transition between 


cular layers that can be readily distinguished by 
light microscopy; a third, outermost longitudinal 
layer is present at the distal end of the ureter. 
Under normal conditions, the ureter demonstrates 
a star-shaped lumen due to the surrounding mus- 
culature, but has the capacity to expand to permit 
the passage of urine. 


Bladder 


The bladder is the main site for urine storage and 
consists of an expansile structure whose shape is 
mediated by the surrounding bladder muscle. At 
the histological level, the bladder consists of the 
urothelium, lamina propria, muscularis propria 
(detrusor muscle), perivesical fat, and either a 
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the subepithelial connective tissue and muscularis is often 
irregular and relatively abrupt 


serosa at the superior surface or adventitia at 
other locations (Fig. 1.20). The urothelium is 
often thrown up into folds in the contracted state, 
but may appear flattened and thinned when the 
bladder expands. The lamina propria is relatively 
similar to the subepithelial connective tissue of 
the urinary tract at other sites and consists of con- 
nective tissue, blood vessels, lymphatics, nerve 
fibers, fat, and thin, wispy muscle fibers called 
muscularis mucosae. The muscularis mucosae 
represent small smooth muscle fibers that are 
often discontinuous and frequently arranged in a 
haphazard pattern (Fig. 1.21a). Occasionally, the 
muscularis mucosae may appear hyperplastic or 
thickened, resulting in diagnostic challenges 
when attempting to distinguish these structures 
from the muscularis propria (Fig. 1.21b). 


1 Anatomy, Embryology, and Histology 


Beneath the lamina propria lies the muscularis 
propria—or detrusor muscle. This smooth muscle 
layer provides overall structure to the bladder and 
consists of three large indistinguishable layers of 
muscle. Also present within this layer of the blad- 
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Fig. 1.20 Section of urinary bladder wall, showing sur- 
face urothelium with underlying lamina propria and mus- 
cularis propria (detrusor muscle) 
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der wall are blood vessels, lymphatics, nerve 
fibers, and fat cells. Due to the slightly irregular 
boundaries of the muscularis propria, the transi- 
tion to the perivesical fat is often poorly defined, 
with low magnification assessment often required 
to distinguish carcinomas invading beyond this 
plane. In males, the muscularis propria merges 
with the prostatic fibromuscular tissue. Finally, 
the outermost layer of the bladder wall consists of 
either a serosa or adventitia, depending upon the 
location as described previously. 

The urethra emerges from the lower end of 
the bladder with the surrounding layers of 
smooth muscle forming the internal urethral 
sphincter. 


Urethra 


The urethra represents the final structure in the 
excretion of urine. In the male, the urethra is 
long (approximately 20 cm) and has a dual func- 
tion, allowing passage of urine and also allow- 
ing passage of semen during ejaculation. The 
male urethra contains three segments that 
include the prostatic, membranous, and spongy 
urethra. The prostatic portion is lined by urothe- 
lium, extends through the prostate gland and 
receives as many as twenty small prostatic ducts 
(Fig. 1.22). The membranous portion extends 
from the prostate apex to the bulb of the penis 
corpus cavernosus, and the spongy portion 
extends through the bulb, body, and glans of the 


Fig. 1.21 Muscularis mucosae of the lamina propria may have a variable appearance, including (a) thin, wispy, discon- 
tinuous muscle bundles (arrow); (b) larger, hypertrophic muscle bundles (arrow) 
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Fig. 1.22 The prostatic 
urethra with numerous 
prostatic glands (arrows) 
opening into the urethral 
lumen 


s7 Prostatic ducts 


Fig. 1.23 The distal 
section of the male urethra 
(U; spongy section) 
courses through the corpus 
spongiosa of the penis (CS) 


penis and is surrounded by the corpus spongio- 
sum (Fig. 1.23). The length of the urethra is 
primarily lined by urothelium, although 
squamous epithelium may be prevalent at the 
distal end of the urethra. Mucus-secreting glands 
of Littre empty into the male urethra, mainly in 
the spongy portion. 
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The female urethra is short (3-5 cm long), 
with most of its crescent-shaped lumen lined by 
stratified squamous epithelium (Fig. 1.24). The 
subepithelial connective tissue is vascular and is 
surrounded by two layers of muscle: a thick inner 
circular smooth muscle and an outer longitudi- 
nally arranged layer. 


1 Anatomy, Embryology, and Histology 


Fig. 1.24 Wall of the 
female urethra that 
includes the urothelium, 
subepithelial connective 
tissue, and extensive 
muscularis (M) 
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Non-neoplastic Diseases of the 
Bladder 


Benign Polypoid and Papillary 


Lesions 


Rafael E. Jimenez and Jeff Holzbeierlein 


Introduction 


Currently cystoscopic evaluation of the bladder is 
performed for indications such as hematuria, 
either gross or microscopic, itritative voiding 
symptoms, and abnormalities found on computed 
tomograph (CT) scan. Depending on the clinical 
scenario, urologists, and pathologists may be 
confronted with a series of lesions that are not 
clearly recognizable as malignant tumors. Many 
of these lesions, which grow in a polypoid or 
papillary pattern, are identified cystoscopically, 
but after pathologic evaluation are determined to 
be benign entities unrelated to urothelial neopla- 
sia. The importance of the accurate recognition 
of these lesions is twofold: First, they may explain 
the clinical symptomatology of the patient, and 
second, they must be properly diagnosed so that 
they are not confused with a urothelial neoplasm 
leading to unnecessary therapy. These lesions 
frequently range from small, incidental, and clin- 
ically irrelevant lesions to cystoscopically evident 
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or symptomatic processes. Close communication 
between urologists and pathologists may help 
facilitate the distinction between these scenarios. 

The most common benign conditions that are 
cystoscopically described as polypoid or papil- 
lary are florid von Brunn nests proliferations, 
cystitis cystica et glandularis, polypoid/papillary 
cystitis, and nephrogenic adenoma. Other less 
common conditions include the prostatic-type 
and the fibroepithelial polyp and mulleraniosis of 
the bladder. These entities will be discussed indi- 
vidually, but common features, such as their clin- 
ical presentation and surgical management, will 
be discussed jointly. 

Like many malignant tumors of the bladder, 
most benign polypoid or papillary lesions of the 
bladder present with either irritative voiding 
symptoms or hematuria (either gross or micro- 
scopic). Irritative voiding symptoms commonly 
include frequency of urination, urgency, nocturia, 
and occasionally painful urination. Hematuria 
may or may not be present and may be either 
microscopic or gross hematuria. In patients with 
these symptoms, a careful history and physical 
examination should be performed including a 
prostate examination. For those with microscopic 
hematuria (>5 red blood cells per high powered 
field) or gross hematuria an in-office flexible cys- 
toscopy is mandatory. For those with mainly irri- 
tative symptoms who fail to respond to medical 
therapy, such as antibiotics and anticholinergics, 
further evaluation with cystoscopy is recom- 
mended. Depending on the clinical scenario, a 
cup biopsy in the office or a formal biopsy of the 
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lesion under anesthesia should be performed if 
the clinical suspicion for a urothelial neoplasm is 
sufficiently high. All biopsies must then be exam- 
ined by a pathologist for diagnosis. It is also criti- 
cal that the urologist communicate the clinical 
scenario with the pathologist, as the pathologic 
diagnosis can occasionally be challenging and 
clinical information may help in diagnosis. 


Von Brunn Nests and Cystitis 
Cystica et Glandularis 


von Brunn nests are islands of normal-appearing 
urothelial cells that are embedded in the lamina 
propria, beneath the basement membrane of the 
surface urothelium. They arise due to invagina- 
tion of the urothelium into the lamina propria and 
may be detached from the overlying mucosa. von 
Brunn nests are usually asymptomatic and are 
considered a normal anatomical variant. However, 
in some patients, von Brunn nests may become 
quite prominent such that they are cystoscopi- 
cally evident and clinically symptomatic [1, 2]. 
In addition, they may also be associated with pre- 
vious treatment of lesions that have required 
resection or intravesical therapy. 

Cystitis glandularis represents a process of 
glandular metaplasia of the urothelium. This 
metaplasia may consist of the development of a 
central lumen within von Brunn nests, surrounded 
by a layer of columnar-type epithelium and vari- 
able degrees of residual urothelium, or the more 
evident development of intestinal metaplasia with 
presence of goblet cells and other cellular ele- 
ments of the intestinal mucosa. The first scenario 
is usually referred to as cystitis glandularis typi- 
cal type, while the second one is commonly 
known as cystitis glandularis intestinal type [3, 
4]. The cystic dilatation of von Brunn nests with 
cystitis glandularis is usually referred to as cysti- 
tis cystica. Both processes may coexist. 


Pathogenesis 


As stated, von Brunn nests are a normal histo- 
logic finding of the urothelial tract. In a study of 


R.E. Jimenez and J. Holzbeierlein 


100 grossly normal bladders examined on 
autopsy, von Brunn nests were observed in 89% 
[5]. While the cause for the invagination of the 
urothelium is unknown, they are found most 
commonly in the bladder trigone, followed by the 
renal pelvis and ureter. Proliferation of von Brunn 
nests is usually associated with inflammatory 
processes. 

Cystitis glandularis refers to the development 
of columnar-type glandular epithelium within 
von Brunn nests. It is also associated with 
inflammatory processes, although it may be seen 
in otherwise normal bladders. Cystitis cystica is 
also seen in association with inflammation or irri- 
tation, but has been shown to be present in 60% 
of patients with grossly normal bladders on 
autopsy [5]. Prominent von Brunn nests, cystitis 
cystica, and cystitis glandularis usually occur 
simultaneously and are considered a spectrum of 
a common reactive process. 

Intestinal metaplasia (i.e., cystitis glandularis 
of intestinal type) is characterized by the appear- 
ance of morphologic features typical of intesti- 
nal-type mucosa. This altered phenotype is also 
evident at the molecular level, as intestinal meta- 
plasia also expresses proteins associated with 
intestinal differentiation, such as 7E12 H12 [6] 
and CDX-2, and, unlike typical cystitis glandu- 
laris, expresses CK20 and is negative for CK 7 
expression [7]. Intestinal metaplasia may occur 
with increased frequency in bladder exstrophy, 
neurogenic bladder, or in association with pelvic 
lipomatosis [8]. However, the biological 
significance of these associations, and their mag- 
nitude, are incompletely defined. 

Of the lesions discussed in this chapter, intes- 
tinal metaplasia is the one that has been suspected 
to have a premalignant potential [9]. The coexis- 
tence of intestinal metaplasia with adenocarci- 
noma has been historically recognized. The 
increased risk for adenocarcinoma in patients 
with bladder exstrophy has always been thought 
to be secondary to the extensive intestinal meta- 
plasia observed in these bladders [10]. 
Morphologically, intestinal metaplasia is similar 
to Barrett’s esophagus, and accumulation of beta- 
catenin in the nucleus, a phenomenon known to 
occur in Barrett’s, has also been demonstrated 
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[11]. However, long-term follow-up studies have 
not been able to document an increased risk of 
developing adenocarcinoma for patients with a 
diagnosis of cystitis glandularis, whether typical 
or intestinal type [3, 12]. 


Clinical Presentation 


As a normal anatomic variant, von Brunn nests 
are usually asymptomatic. However, hyperplas- 
tic or florid von Brunn nests, cystitis cystica, and 
cystitis glandularis may be associated with 
hematuria and irritative voiding symptoms such 
as dysuria, urgency, and frequency [1, 2, 13]. 
These symptoms are nonspecific and should 
serve only as indicators for the need for further 
evaluation. Several case reports have docu- 
mented obstructive voiding symptoms in associ- 
ation with these lesions. In these rare cases, if 
large enough, the mass-like lesion may act in a 
ball-valve fashion to occlude the bladder outlet 
[14]. Similarly, the presence of such a lesion at 
or near the ureteral orifice may cause ureteral 
obstruction and, therefore, hydroureteronephro- 
sis and/or flank pain [15]. 

The lesions should be biopsied to rule out 
malignancy and then resected or fulgurated. If 
symptomatic, the lesions are best treated by erad- 
icating any chronic irritants to the bladder, and if 
the urine culture is positive, a 2—4-week course of 
antibiotics may be necessary to clear the lesions. 
Periodic cystoscopy should be performed to rule 
out recurrence. If a recurrence is found, then this 
should be resected or fulgurated to remove the 
lesions. There is no evidence that treatment with 
antibiotics or intravesical agents is helpful in pre- 
venting recurrence, but any known irritants 
should be treated or removed. 


Cystoscopic Findings 


von Brunn nests are usually only demonstrated 
on microscopic evaluation, as they are often 
undetectable by cystoscopy. Thus, they are often 
identified incidentally while a biopsy of the blad- 
der is performed for another reason. When prom- 
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inent, von Brunn nests may be cystoscopically 
evident as submucosal blebs that are pink to white 
and slightly raised. Due to their common flat-like 
abnormal appearance, the cystoscopic findings of 
these lesions may be confused with CIS or other 
forms of urothelial carcinoma. Further, since 
these lesions comprise urothelium, the potential 
exists for CIS to involve cystitis cystica or von 
Brunn nests (see later) [16]. On the other hand, 
von Brunn nests associated with cystitis cystica 
often have a distinct cystoscopic appearance. In 
contrast to the variable distribution and morphol- 
ogy of urothelial carcinoma, they tend to be regu- 
larly distributed and appear as large, 
well-circumscribed lobular lesions with flat bases 
[17]. Unlike typical urothelial carcinoma, these 
lesions appear more like papular lesions rather 
than the frondular lesions of urothelial carci- 
noma. They are typically white to light pink 
although they may appear red, further mimicking 
CIS. The most common locations are the bladder 
neck and trigone [5]. In cystitis glandularis the 
lesions may have a more yellow appearance and 
also may look slightly oily. These lesions range 
from small papules to larger bleb-type lesions. 
They may be associated with or next to adjacent 
areas of abnormal mucosa such as those of 
chronic irritation. 


Pathologic Findings 


Microscopically, von Brunn nests are solid nests 
of urothelial cells. They are usually immediately 
underneath the surface urothelium, but they may 
appear detached from it, particularly the deeper 
nests. The urothelial cells show no cytologic aty- 
pia and similar organization as the surface urothe- 
lium, or they may display reactive changes. When 
prominent, a polypoid growth may be observed 
on low power (Fig. 2.1). The separation of “nor- 
mal” von Brunn nests from “proliferative” or 
“prominent” von Brunn nests is arbitrary, and 
should probably be based on whether the lesion 
was cystoscopically evident or symptomatic. 
The main clinical significance of von Brunn 
nests is their potential to be confused with a par- 
ticularly deceptively bland variant of urothelial 
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Fig. 2.1 Prominent von 
Brunn nests associated 
with edema and 
inflammatory changes of 
the submucosa, forming a 
vaguely polypoid elevation 
which may be detected 
cystoscopically 


carcinoma referred to as “nested variant.” [2, 17—20]. 
As its name implies, nested urothelial carcinoma 
grows in a nested architecture, which contrary to 
von Brunn nests, has a very infiltrative growth 
pattern. It is usually a larger lesion, but its true 
size may not be easily appreciated on small biop- 
sies. If superficially sampled, nested urothelial 
carcinoma may be impossible to distinguish from 
von Brunn nests. Keys to its recognition include 
a very distorted, disorganized, and nonlobular 
architecture. Infiltration into deep structures of 
the lamina propria, and particularly into the mus- 
cularis propria, is a diagnostic feature. Confluence 
of nests is seen at least focally in most cases. A 
stromal reaction may or may not be associated. 
On the contrary, von Brunn nests, even when pro- 
liferative, tend to be superficial to an imaginary 
line within the lamina propria, beyond which no 
nests are seen. Volmar et al. [2]. studied a series 
of florid von Brunn nests cases and compared 
them to cases of nested urothelial carcinoma. No 
significant differences in the expression of p53, 
p27, or cytokeratin 20 could be found to differen- 
tiate between the two entities. Although nested 
urothelial carcinomas had a higher MIB-1 expres- 
sion, no specific cutoff value could be determined 
for diagnostic purposes. The authors concluded 
that morphologic assessment was the only reli- 
able way of differentiating between the two pro- 
cesses. In a recent study, Oberg et al. [21]. found 
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a significant difference in polysomy detected by 
FISH (fluorescent in situ hybridization) within 
cells of von Brunn nests and those of nested 
urothelial carcinoma, suggesting that genomic 
differences may help distinguish between both 
entities. 

Another potential pitfall in diagnosis associ- 
ated with von Brunn nests is when they are asso- 
ciated with carcinoma in situ (CIS) of the 
urothelium. Because of their connection to the 
surface urothelium, CIS may extend to von Brunn 
nests and because of their lamina propria loca- 
tion, they may be confused with lamina propria 
invasion, leading to over staging of the disease 
[22]. Attention should be paid to the rounded 
regular contours of von Brunn nests, and the 
absence of a stromal reaction, in order to avoid 
this relatively common misinterpretation. 

Inverted urothelial papilloma may also be con- 
fused with von Brunn nest proliferation. In these, 
the urothelial nests present in the lamina propria 
tend to be more crowded and numerous, and a 
more trabecular, architecture can be observed. 
Distinction may sometimes be arbitrary, particu- 
larly in small biopsies. Correlation with cysto- 
scopic findings is usually helpful where a gross 
lesion is typically present in inverted papilloma 
while not often present in von Brunn nests. 

Cystitis glandularis of the typical type is 
characterized by a central lumen surrounded by 
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Fig. 2.2 Cystitis 
glandularis of both the 
typical and intestinal types. 
Usually both variants 
coexist, the difference 
between them being the 
presence of goblet cells in 
the latter 


Fig. 2.3 Mucinous 
extravasation from cystitis 
glandularis of intestinal 
type. The pools of mucin 
that extravasate into the 
stroma may resemble the 
ones seen in mucinous 
adenocarcinoma. Contrary 
to this, however, the pools 
in cystitis glandularis are 
acellular and no cytologic 
atypia is identified in the 
glandular elements 


columnar-or cuboidal-type epithelium. These, in 
turn, are surrounded by urothelium of various 
degrees of thickness. The lumen is variably 
dilated, and when prominently so, the lesion is 
referred to as cystitis cystica [1]. Many patholo- 
gists choose to diagnose these lesions as cystitis 
cystica et glandularis to underscore the common 
occurrence of both entities and the irrelevance of 
their strict separation. If clustered and volumi- 
nous, areas of cystitis glandularis or cystica may 
have a polypoid configuration on low power. 
The presence of goblet cells defines a lesion as 
cystitis glandularis of intestinal type or intestinal 
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metaplasia. Aside from goblet cells, Paneth cells 
and intestinal-type epithelial cells may also be 
identified [23]. The intestinal metaplasia may be 
limited to von Brunn nests or may involve the 
surface epithelium. It usually coexists with areas 
of typical cystitis glandularis (Fig. 2.2). 

A common phenomenon in cases of intestinal 
metaplasia is the extravasation of intraluminal 
mucin into the surrounding lamina propria, creat- 
ing acellular mucin pools that may dissect even 
into submucosa or superficial muscularis propria, 
and which can be easily confused with invasive 
adenocarcinoma of mucinous type (Fig. 2.3) 
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[1, 23]. The mucin pools associated with cystitis 
cystica glandularis may contain intact glands that 
display at most reactive-type atypia, but they do 
not contain malignant cells or irregular cellular 
aggregates that are typical of mucinous carci- 
noma. While the mucin pools may dissect quite 
deeply, the glandular elements remain confined 
to the lamina propria. This differential diagnosis 
may be quite challenging in small endoscopic 
biopsies, resulting sometimes in equivocal diag- 
noses that may need to be followed by a more 
generous sample. 


Nephrogenic Adenoma 


Another lesion that may be confused with urothe- 
lial carcinoma of the bladder is nephrogenic ade- 
noma (NA). This lesion was first described by 
Davis in 1949 and was originally called a hamar- 
toma of the bladder [24]. Just 1 year later, 
Friedman and Kuhlenbeck gave the lesion its cur- 
rent name, nephrogenic adenoma, due to its his- 
tological similarity to kidney tubules [25]. 


Pathogenesis 


The pathogenesis of NA has been a source of con- 
troversy for many years. The traditional opinion is 
that NA represents a benign metaplastic process of 
the urothelium. While the exact etiology is unclear, 
it is thought that the metaplastic process is induced 
by local trauma or irritation such as infection, 
calculi, previous endourologic procedures, and 
intravesical chemotherapy [1, 26, 27]. This con- 
cept was significantly challenged with the findings 
of Mazal et al.28]. These authors reported a series 
of NA occurring in kidney transplant recipients of 
the opposite sex to the donor in which the nephro- 
genic adenoma showed the chromosomal sex of 
the donor, suggesting that the lesion results from 
the implantation of shedding tubular epithelial 
cells in an inflamed urothelial mucosa [28, 29]. 
The fact that there are reported cases of NA occur- 
ring in the intestinal mucosa of ileal conduits also 
challenges the idea that they are of urothelial ori- 
gin 30]. NA is very frequent in renal transplant 
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patients, suggesting that their immunocompro- 
mised status facilitates the implantation of these 
shedding cells [31]. The expression of PAX-2 and 
PAX-8 in NA, a protein usually expressed in renal 
epithelium, also suggests the possibility of a renal 
tubular origin of this lesion [32]. 


Clinical Presentation 


The clinical presentation of NA often varies. Any 
age may be affected, but the majority of cases are 
seen during the fourth decade of life. The male- 
to-female ratio is approximately 3-to-1 in patients 
over the age of 20 years, though the reverse is true 
for those younger than 20 years [26, 33]. 
Approximately 10% of reported cases are found 
in children, while 10% of these lesions are seen in 
patients with renal transplants [1]. The presenting 
symptoms of NA are generally nonspecific. 
Approximately 70% of patients present with irri- 
tative voiding symptoms [33, 34]. Hematuria, 
microscopic or gross, may be seen in up to 40% of 
patients. They typically occur in a multifocal 
fashion and are most often found in the bladder 
(70%), but may also be in the urethra (15%), ure- 
ter (15%), and renal pelvis (5%) [31, 35]. 


Cystoscopic Findings 


On cystoscopy, NA may often be confused with a 
papillary urothelial carcinoma as they often have 
a pink polypoid appearance very similar to that of 
a low-grade urothelial carcinoma and grossly are 
often indistinguishable from carcinomas. The 
typical size of the lesion varies from | to 7 cm, 
although they can also be smaller 26]. NA occur- 
ring in the bladder are most likely to be located in 
the trigone (40%), though they may also occur on 
the side walls (30%) and bladder dome (20%) 
and even rarely in the prostatic urethra [34]. 


Pathologic Findings 


NA has several growth patterns that can result in a 
morphologic wide spectrum. The most common 
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Fig. 2.4 Nephrogenic 
adenoma of tubular type. 
The small, compact tubules 
are lined by cytologically 
bland cells with focal 
hobnailing. A thick 
basement membrane 
visible on light microscopy 
surrounds most of the 
tubular elements (arrow) 


Fig. 2.5 Nephrogenic 
adenoma of papillary type. 
Notice the papillary 
exophytic growth. A focus 
of tubular pattern is seen in 
the center of the larger 
papilla 


pattern is the tubular/glandular pattern, which 
may appear quite infiltrative. The tubules are lined 
by cuboidal cells with a hobnail appearance, with 
clear to eosinophilic cytoplasm, and may have 
relatively prominent nucleoli. Some of these 
tubules may cystically dilate, while others appear 
to be formed by single cells. They are usually sur- 
rounded by a thick hyalinized basement mem- 
brane, easily visible on routine light microscopy 
(Fig. 2.4). Other growth patterns include an exo- 
phytic papillary pattern, in which the papillae are 
lined by a single layer of cells, a feature that aids 
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in the distinction from papillary urothelial neopla- 
sia that has a stratified urothelial lining. A solid 
pattern may also be seen. Frequently two or more 
of these patterns coexist (Fig. 2.5) [36, 37]. 

By immunohistochemistry, the epithelial cells 
express cytokeratin 7 and pancytokeratin [38]. 
They also express several proteins associated 
with prostatic adenocarcinoma, such as AMACR, 
PAP, and occasionally PSA [39] (Fig. 2.6). This 
overlapping immunophenotype, particularly 
when faced with the tubular/glandular growth 
pattern, may potentially result in a misdiagnosis 
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Fig. 2.6 Expression of f ; 
prostatic-specific acid è X: $ 
phosphatase in epithelial k 
elements of nephrogenic i 
adenoma. When faced with 


a tubular pattern, the we c £ 


expression of this and 
other prostatic markers £: s 
may lead to an incorrect oE 
diagnosis of prostatic 

adenocarcinoma 


of prostatic adenocarcinoma [40]. Other markers 
commonly present in NA include PAX-2 and 
PAX-8, which can help out in distinguishing this 
entity from prostatic adenocarcinoma [32, 41]. 

The main differential diagnosis of NA is clear 
cell adenocarcinoma of the urinary tract 37]. This 
tumor may grow in a cystic tubular and papillary 
pattern, and shares some histologic features of 
NA, including hobnailing of the lining cells. 
However, the degree of hyperchromasia and pleo- 
morphism is much higher, and the lesion is usu- 
ally mitotically active. It is usually more 
infiltrative, although this may not be appreciated 
in a small biopsy. 

Other tumors that may grow in a tubulocystic 
pattern include some variants of urothelial car- 
cinoma and prostatic adenocarcinoma. The lat- 
ter may be particularly challenging, as stated 
previously, due to overlapping morphology and 
immunophenotype [40]. However, prostatic 
adenocarcinoma involving urinary bladder is 
usually high grade, and only infrequently grows 
in a tubular pattern. Morphologic features not 
seen in prostatic adenocarcinoma include the 
prominent hobnailing and the thick hyalinized 
basement membrane. As mentioned, PAX-2 and 
PAX-8 should be negative in prostatic adenocar- 
cinoma. Urothelial carcinoma, particularly if of 
the microcystic variant, can mimic NA. 
Immunohistochemistry for p63 and high molec- 
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ular weight keratins may help in identifying 
unusual patterns of urothelial carcinoma. 


Polypoid/Papillary Cystitis 


The clinical entity of polypoid/papillary cystitis 
represents a spectrum of mucosal changes seen 
secondarily to local irritation. Polypoid cystitis 
refers to lesions that are edematous and broad 
based, whereas the term papillary cystitis is 
thought to represent the more chronic phase of 
the process, in which better-formed papillae are 
usually appreciated [42]. There is obvious over- 
lap between the two phases [1, 42]; they may be 
clinically referred to as bullous cystitis or bullous 
edema. 


Clinical Presentation 


As these lesions are frequently associated with 
chronic irritation, patients typically present with 
symptoms of frequency, urgency, hematuria, and 
often recurrent urinary tract infections/coloniza- 
tion. Bullous edema is commonly associated with 
indwelling catheter or suprapubic tubes, and may 
be found in these patients even several weeks after 
removal of a catheter. Patients who have fistulas 
either vesicovaginal or entero-or colovesical 
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fistulas may also have associated bullous edema 
and hence may present with symptoms of pneu- 
maturia, vaginal drainage, or fecaluria. 


Pathogenesis 


Essentially any type of chronic irritation of the 
bladder can result in polypoid cystitis. Patients 
with chronic indwelling catheters are most 
likely to present with polypoid cystitis, and the 
location of the lesions usually corresponds to 
that of the catheter tip, namely the posterior 
bladder wall and bladder dome. Another clini- 
cal entity associated with polypoid/papillary 
cystitis is colovesical fistula. Diverticular dis- 
ease is by far the most common cause of colove- 
sical fistulas, though they may also be found in 
patients with inflammatory bowel disease, colon 
cancer, or in those who have received radiation 
therapy [43, 44]. Radiation therapy is also a 
common cause of polypoid cystitis. Other asso- 
ciated causes include transurethral resection 
and other instrumentations for concomitant 
urothelial carcinoma. 


Cystoscopic Findings 


Like other benign lesions of the bladder, poly- 
poid/papillary cystitis is often confused with 
papillary urothelial carcinoma [1, 42]. The urol- 
ogist often has an advantage over the pathologist 
in the diagnosis of this condition as several key 
findings in the patient’s clinical history will often 
point towards an inflammatory rather than a 
malignant condition. Also, the fronds seen in 
polypoid cystitis will typically appear more 
broad than those in papillary urothelial carci- 
noma, while the thinner papilla of papillary cys- 
titis are more difficult to distinguish from 
carcinoma. Despite these descriptions it may be 
very difficult to distinguish cystoscopically 
between these entities and urothelial carcinoma 
and the diagnosis is ultimately made histologi- 
cally. In patients with chronic polypoid cystitis 
the lesions often have less erythema and smooth 
polypoid appearance. 
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Pathologic Findings 


Polypoid cystitis is characterized by the presence 
of exophytic projections of the urothelial mucosa 
predominantly due to edema of the lamina pro- 
pria (Fig. 2.7). The papillae are typically broad- 
based, and lack complex secondary or tertiary 
branching. They contrast to the thin delicate 
papillae of urothelial carcinoma, which are usu- 
ally thick enough only to harbor a thin 
fibrovascular core. The process is usually associ- 
ated with inflammatory changes. The urothelium 
may show reactive-type changes, but no evidence 
of neoplastic-type cytologic atypia. Mitotic 
figures are commonly seen. In more chronic 
lesions, the papillae become more fibrotic and 
less edematous, giving them a thinner appear- 
ance, and the lesion in this stage is referred to as 
“papillary cystitis.’ The fibrotic papillae are still 
thicker than those in urothelial neoplasia, and are 
associated with chronic inflammation. Both 
stages of polypoid and papillary cystitis usually 
coexist, and the distinction is usually arbitrary 
and clinically irrelevant. 

The main differential diagnosis is papillary 
urothelial neoplasia, particularly urothelial papil- 
loma or papillary urothelial neoplasm of low 
malignant potential; however, when reactive 
urothelial atypia is present, papillary urothelial 
carcinomas may also be included in the differen- 
tial. Lane and Epstein [42] reported a series of 41 
cases misdiagnosed as papillary urothelial neo- 
plasms. In urothelial neoplasia, the fibrovascular 
cores are thin and delicate. Branching of the 
papillaeiscommonlyseen.Immunohistochemistry 
is generally not useful in this differential diagno- 
sis, as more frequently the consideration is lower 
grade lesions, which share a similar phenotype 
with reactive urothelium. In those rare cases 
where high-grade papillary carcinoma is being 
considered, CD44, CD20, and p53 staining would 
show a reactive staining pattern [45]. 

While probably of no clinical significance, as 
both entities are benign, polypoid cystitis may be 
confused with papillary-type nephrogenic ade- 
noma. Both lesions usually arise in a background 
of inflammation of the bladder wall. NA is lined 
by a single layer of cuboidal cells, while polypoid 
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Fig. 2.7 Polypoid/ 
papillary cystitis. The 
broad based papillae are 
formed not by a 
proliferation of the 
epithelium, but by an 
edematous/fibrotic 
submucosa with variable 
degrees of inflammation. 
This lesion may be 
misinterpreted as a 
papillary urothelial 
neoplasm, both 
cystoscopically and 
histologically 


cystitis displays a multilayered urothelium. NA 
commonly shows two or more patterns of growth, 
including the solid or tubular patterns, which 
would be incompatible with polypoid cystitis. 


Other Benign Papillary/Polypoid 
Lesions 


Fibroepithelial Polyp 


This is a benign, probably hamartomatous, poly- 
poid lesion, which commonly presents in chil- 
dren and adolescents, mostly males. It is usually 
present within the verumontanum or bladder 
neck, and may present with acute urinary reten- 
tion, hematuria, or bladder outlet obstruction 
[46]. Grossly, these lesions are typically indistin- 
guishable from a low-grade transitional cell car- 
cinoma of the bladder or urethra. Histologically, 
it consists of polypoid or papillary projections 
lined by unremarkable or, at most, reactive 
urothelium. They are commonly associated with 
cystitis glandularis in the stalk, and the stroma 
appears fibrotic, occasionally with atypical 
stromal cells. The lesion shares some features 
with polypoid/papillary cystitis, and some sug- 
gest it may represent the end stage of this entity. 
Because of its occurrence in children, a botryoid 
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type rhabdomyosarcoma needs to be excluded by 
morphologic and immunohistochemical features. 
The treatment is usually conservative transure- 
thral resection. 


Prostatic Type Polyp 


Prostatic-type polyp is a true polyp within the 
urothelial tract comprised of benign prostatic 
glands and stroma. Its pathogenesis is controver- 
sial, and it may represent a metaplastic process or 
developmentally ectopic prostatic tissue [47]. It 
occurs in a wide age range, from young adults to 
patients in their eighth or ninth decade [48]. 
Clinical presentation is usually hematuria or 
hematospermia. It is typically located in the blad- 
der neck, trigone, or around the ureteral orifices 
and again is typically grossly indistinguishable 
from a low-grade TCC. Histologically it is char- 
acterized by the presence of columnar prostatic- 
type secretory epithelium, whether in submucosal 
glands or in the surface epithelium, variably 
admixed with urothelium. Columnar cells are 
positive for PSA and PSAP. The lesion has to be 
differentiated from a ductal type prostatic adeno- 
carcinoma, papillary urothelial neoplasms, and 
nephrogenic adenoma. They can be resected tran- 
surethrally and show no tendency to recurrence. 
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Mullerianosis 


Mullerianosis refers to the occurrence of endo- 
metriosis, endocervicosis, endosalpingiosis, or a 
mixture of these entities within the bladder wall 
[49]. Involvement of the urinary tract by endo- 
metriosis is not uncommon, and it occurs most 
frequently within the bladder [50]. The present- 
ing symptoms of mullerianosis are often variable 
and include urinary urgency (78%), frequency 
(71%), and suprapubic pain/dysuria (43%) [51]. 
Cyclic hematuria may occur and is considered 
the hallmark symptom of mullerianosis; however, 
this occurs in only 20% of cases [52]. 
Cystoscopically, mullerianosis lesions may pres- 
ent as blunt polypoid elevations of the mucosa, 
but usually appear as blue or red-brown submu- 
cosal masses and range in size from 2 to 4 cm 
[53, 54]. Cold cup biopsy is recommended, but 
may not render diagnostic tissue given the sub- 
mucosal location of the lesions [51]. 
Histologically, the lesion is characterized by a 
mixture of endometrial glands and stroma, endo- 
cervical, or tubal-like glandular inclusions, with 
variable hemorrhage. It should be differentiated 
from invasive adenocarcinoma. Unlike other 
benign bladder lesions such as cystitis glandu- 
laris, mullerianosis involves the muscularis pro- 
pria, thus making it a transmural lesion. Given 
this, when complete resection is attempted, 
patients are at an increased risk of bladder perfo- 
ration or incomplete resection. With this in mind, 
many advocate the use of oral contraceptives, 
danazol, or gonadotropin-releasing hormone 
agonists [51]. However, complete resection is 
often possible either through transurethral resec- 
tion or partial cystectomy. 


Surgical Management 


The cornerstone treatment for these benign 
lesions is transurethral resection of all visible 
abnormalities. This not only provides tissue for 
correct pathologic characterization but may also 
cure the patient’s symptoms. For most of the 
described lesions the potential for recurrence is 
very low, but the identification and removal of 
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offending agents is critical in reducing recur- 
rence. In patients in whom it is not possible to 
remove the etiologic agent (i.e., those with 
chronic catheters or radiation therapy) an initial 
biopsy is mandatory as is further cystoscopic sur- 
veillance. However, repeat biopsy should only be 
used when a significant change in the appearance 
has occurred. 


Technique 


The patient should be placed in a dorsal litho- 
tomy position after the induction of anesthesia. 
Following the sterile prep and drape, the bladder 
should be entered with the aid of a visual obtura- 
tor. Once the resectoscope has entered the blad- 
der, a careful and thorough inspection of the 
entire mucosa should be performed. For optimal 
visualization, both 30° and 70° lens should be 
used. A bladder washing should be performed 
using saline to obtain cells for cytological 
examination. 

Once the suspected lesion has been identified, 
consideration should be given to perform biop- 
sies using the cold cup biopsy forceps for smaller 
lesions as cautery artifact may limit the patholo- 
gist’s ability to accurately diagnose the lesion 
and/or coexisting carcinoma. Resection may then 
proceed with a partially distended bladder to 
reduce the risk of bladder perforation. This may 
be facilitated with a continuous-flow sheath that 
allows a continual flow of irrigation improving 
visibility. If multiple lesions are present, one 
should consider resecting those in more difficult 
or poorly accessible locations (bladder dome, lat- 
eral walls) first while visualization is optimal. 
Tumors located at the dome and anteriorly may 
be reached with the use of suprapubic pressure 
and a nearly empty bladder [55]. 

The cutting current is used with the resecting 
loop to begin resection. Care should be taken to 
follow the natural curvature of the bladder lumen 
as the loop is manipulated to avoid perforation. 
Depending on the size of the lesion, many urolo- 
gists find it easiest to start on the periphery of the 
lesion and move across in a systematic fashion. 
For smaller lesions, the entire resection may be 
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carried out using cold cup biopsy forceps rather 
than the resecting loop. Once the entire visible 
lesion has been resected, the coagulation current 
is used to achieve hemostasis. It is of paramount 
importance to avoid the ureteral orifices when 
using the coagulation current to avoid potential 
scatring and resultant obstruction. 

In some instances when the diagnosis of a 
benign lesion has been previously established 
through biopsy, the lesion may be ablated 
rather than resected. This may be performed 
either by electrovaporization or via laser abla- 
tion. Electrovaporization simultaneously vapor- 
izes the leading edge of tissue while desiccating 
the trailing edge at high power settings. A smooth 
roller ball is used with a cutting current at 240 W 
and is applied with the standard resectoscope. 
Hemostasis is then achieved with a setting of 
40 W of coagulation current [55]. Since the 
tumor is vaporized, no specimen is available for 
pathological evaluation. 

Another means is the use of laser ablation. 
Typically, the use of laser coagulation is limited to 
lesions 2.5 cmor smaller. The neodymium:yttrium- 
aluminum-garnet (Nd:YAG) laser is considered to 
be the optimal laser for bladder tumor ablation 
[56]. Holmium:YAG and KTP lasers are also 
effective for tissue ablation but lack deep coagula- 
tion [57]. The laser energy is transmitted via an 
end-fire laser fiber that is noncontact with a 5° to 
15° angle of divergence. This allows a variable 
penetration depth of up to 5 mm [57]. After the 
entire resection or ablation has been completed, 
the bladder should be thoroughly inspected for 
signs of active bleeding or perforation. 


Complications 


Bladder perforation is among the most common 
complications of transurethral resection of blad- 
der lesions and usually results from inadvertent 
full-thickness resection, trauma secondary to 
obturator reflex, or resecting a distended bladder. 
It may also occur in patients with large tumors in 
difficult locations or when resecting in a bladder 
diverticulum. Signs of perforation include visible 
fat at the resection site, less-than-expected return 
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of irrigant, abdominal distention, and tachycar- 
dia. If perforation is suspected, a cystogram 
should be performed. A Foley catheter is inserted 
and contrast dye is allowed to fill the bladder by 
gravity. Extraperitoneal perforation is commonly 
demonstrated as a “flame-like” appearance from 
the extravasated contrast. Fortunately, most extra- 
peritoneal bladder perforations can usually be 
managed conservatively with catheter drainage 
and antibiotics for 1—2 weeks postoperatively. In 
contrast, intraperitoneal perforation is a more 
troubling complication and is typically seen when 
perforation occurs at the bladder dome. Cystogram 
findings will often show contrast outlining loops 
of bowel. The vast majority will require open clo- 
sure of the intraperitoneal perforation, though 
some clinicians will manage small intraperito- 
neal perforations conservatively with catheter 
drainage. Bleeding is another complication com- 
monly seen after resection, though less so after 
ablative techniques. Meticulous hemostasis fol- 
lowing resection is the best way to avoid this 
complication. If bleeding persists after the sur- 
gery is completed, a 3-way catheter (22-24Fr) 
may be inserted and continuous bladder irriga- 
tion (CBI) started. However, bladder perforation 
must be ruled out prior to starting CBI to avoid 
extravasation. 


Conclusion 


As described in this chapter, there are a number 
of lesions that can mimic neoplastic processes 
in the bladder. However, it is critical to differ- 
entiate these lesions from truly malignant 
lesions of the bladder to avoid overtreatment. A 
familiarity with the cystoscopic appearance of 
these lesions and the clinical presentation may 
provide some initial clues to a benign etiology. 
Ultimately, however, the diagnosis mostly relies 
upon an accurate pathologic diagnosis based on 
the histologic features of the lesion. A good 
working knowledge of the entities in this chap- 
ter is crucial for the surgical pathologist who 
examines pathologic specimens from bladder 
resections in order to provide the proper direc- 
tion to the urologist. Finally, a dialogue between 
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the pathologist and the urologist is essential 
and may help provide a definitive diagnosis for 
those cases in which either the clinical presen- 
tation and cystoscopic findings or the histologic 
features alone are insufficient to make an accu- 
rate diagnosis. 
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Diverticular Disease 


W. Stuart Reynolds, Omar Hameed, 
and Harriette M. Scarpero 


Urinary tract diverticula are common findings in 
patients presenting with symptoms of lower uri- 
nary tract (i.e., bladder and urethra) dysfunction. 
Diverticula in this setting can be the cause of pri- 
mary symptoms or a concomitant result of an 
underlying abnormality. Diverticula are also inci- 
dental findings in patients undergoing routine, 
unrelated evaluations, and are typically not asso- 
ciated with serious clinical sequelae. 

The most common structures affected by 
diverticula in the urinary tract are the bladder and 
urethra. While diverticula can be found in both 
structures, the mechanisms by which they develop 
and the underlying pathology are very different 
and largely unrelated. Additionally, the symp- 
toms and signs by which diverticula in either 
structure affect patients are also very unique; 
thus, separate patient populations are typically 
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afflicted based on the location of the diverticulum. 
Bladder and urethra diverticula are presented as 
separate discussions in this chapter. 


Bladder Diverticula 


A bladder diverticulum is a protrusion or hernia- 
tion of the bladder mucosa through the detrusor 
muscle fiber bundles of the bladder wall (i.e., 
the muscularis propria). This protrusion of the 
underlying mucosal lining and supporting lam- 
ina propria results in a thin-walled, saccular out- 
pouching on the outer surface of the bladder; 
this structure can be of variable size and is lined 
by urothelium and typically filled with urine. 
The diverticulum maintains continuity with the 
bladder lumen via a neck or ostium that opens 
upon the lining of the bladder mucosa. Because 
of the virtual absence of any backing detrusor 
muscle fibers, a diverticulum does not contract 
as the bladder itself contracts during micturi- 
tion. This results in poor emptying and stasis of 
urine in the diverticulum, which is the hallmark 
of diverticular pathophysiology. 

Bladder diverticula can be broadly classified 
into two categories: congenital and acquired. 
Congenital diverticula can be further divided into 
primary and secondary types: Primary diverticula 
result from inherent weaknesses or abnormalities 
of the detrusor muscle layer, but are independent 
of voiding abnormalities or bladder outlet 
obstruction (BOO). These idiopathic diverticula 
are termed primary (nonobstructing) congenital 
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bladder diverticula (PCBD) [1]. Secondary diver- 
ticula may also be antenatal and thus congenital, 
but cannot be PCBD by definition if associated 
with a primary bladder abnormality, such as BOO 
in the setting of posterior urethral valves. While 
occasionally seen in the pediatric population, 
acquired diverticula are still most commonly 
found in adults (usually men) and are strongly 
associated with BOO caused by obstruction of 
the prostate secondary to benign prostatic hyper- 
plasia (BPH) or the urethra as a consequence of 
urethral stricture disease (USD) for example. 

In the pediatric population congenital diver- 
ticula have a peak incidence in children younger 
than 10 years old [2]. They are typically solitary 
and located lateral and posterior to the ureteral 
orifices [3]. Boys are much more commonly 
affected than girls, with an overall incidence of 
approximately 1.7% [4]. PCBD are also associ- 
ated with collagen and connective tissue disor- 
ders, and are found in patients with 
Williams—Beuren syndrome [5, 6], Ehlers—Danlos 
syndrome [7—9], prune belly [4], and Menkes [10, 
11]. In these syndromic patients, the diverticula 
tend to be more numerous, but smaller than the 
solitary PCBD. Solitary PCBD in turn tend to be 
larger than those associated with neurogenic dys- 
function or BOO [12], and generally are found in 
smooth-walled bladders without significant trabe- 
culation [3]. Secondary congenital diverticula are 
most commonly associated with neurogenic blad- 
der dysfunction and posterior urethral valves. Up 
to 60% of bladder diverticula in children are 
related to neurogenic bladder [4]. Ipsilateral vesi- 
coureteral reflux (VUR) is also a common finding 
with congenital diverticula [13]. 

Acquired diverticula are much more common. 
They usually develop in older adults, presenting 
in the sixth decade, which corresponds to the 
development of BOO secondary to prostatic 
obstruction [14]. As such, more than 90% of 
diverticula are found in men as opposed to 
women [15]. In addition to prostatic obstruction 
(e.g., BPH, prostate cancer), other causes of 
BOO include USD and bladder neck contracture 
(BNC), which are also manifested in adulthood 
and contribute to diverticula formation. 
Characteristic changes of the bladder in the set- 
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ting of BOO include detrusor hypertrophy, trabe- 
culation, and diverticula [16]. In these cases, 
diverticula are often multiple and can be quite 
large [17]. Diverticula are estimated to develop 
in 4-13% of patients with BOO, most commonly 
associated with BPH or BNC [18] and up to 6% 
of men with “prostatism.” [19] In one series, the 
etiology of diverticula was determined to be 
BPH in 70% of patients, BNC in 12%, and USD 
in 12% [20]. 


Clinical Presentation 


Bladder diverticula do not necessarily result in 
symptoms themselves. Most commonly, they are 
discovered incidentally during evaluation for 
other lower urinary tract conditions—e.g., during 
the evaluation of hematuria or recurrent urinary 
tract infections (UTID—often on endoscopic 
examination of the bladder or on radiographic 
imaging of the genitourinary tract. If signs or 
symptoms are present, they typically result from 
the pathologic sequelae related to incomplete 
emptying of urine from the diverticula and urinary 
stasis. A diverticulum may serve as a nidus for 
bacterial growth, causing persistent and recurrent 
UTIs. Urine stasis also contributes to urolithiasis 
formation within the diverticulum as well as neo- 
plastic changes and tumor growth. If large enough, 
a diverticulum may promote symptoms related to 
mass effect in the pelvis and lower abdomen or 
related to urine volume, including incomplete 
bladder emptying, bladder fullness, and double 
voiding [14]. Determining if vague lower urinary 
tract symptoms are a result of a diverticulum or 
other lower tract pathology is difficult, given the 
high prevalence of BPH and associated symp- 
toms. Several reports have been published describ- 
ing bladder diverticula presenting in inguinal 
hernias [21, 22]. In children, the most common 
presentation may be recurrent UTI [1, 23]. 

When clinical signs and symptoms were 
reported in a review of acquired bladder diver- 
ticula in adults, the most common clinical finding 
was hematuria (49%), followed by urinary 
retention (22%), UTI (13%), urinary inconti- 
nence (11%), and dysuria (4%) [24]. 
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Pathogenesis 


Primary congenital and acquired (both secondary 
congenital and adult-onset) diverticula appear to 
have different mechanisms of formation and are 
thought to be pathologically distinct. PCBD 
develop at areas of weakness in the bladder wall 
where there is muscle failure (either embryologi- 
cally or functionally) [25]. In this sense, PCBD 
are not so much herniations but rather aneurys- 
mal dilatations. Given their predilections for 
developing posteriolaterally at the level of the 
trigone, it has been suggested that this is a loca- 
tion where muscle fusion is incomplete, as the 
joint between the trigone and the detrusor body 
represents the boundary of two distinct embryo- 
logic precursors [26]. 

PCBD can be categorized into three subtypes 
based on location and associated findings: posterolat- 
eral, paraureteral, and multiple (i.e., multidiverticular 
bladders) [1]. Posterolateral PCBD are located just as 
described, in a posterior-lateral position but are not 
related to the ureteral orifices and not associated with 
vesicoureteral reflux. They represent approximately 
10% of the PCBD. Paraureteral diverticula are 
directly related to the ureteral hiatus through the 
detrusor and develop because of weakened muscle 
wall backing along the posterior aspect of the intra- 
mural ureter. The ureter and ureteral orifice may be 
adjacent to the diverticulum or may open into the 
diverticulum itself. In either case, VUR is virtually 
always present. These represent approximately 90% 
of PCBD and are widely known as Hutch diverticula, 
named eponymously after the first description [3]. 
Multidiverticular bladders are rare (<1%) and are 
associated with congenital conditions such as prune 
belly, Ehlers—Danlos, Menkes, and Williams—Beuren 
syndromes. The defects here are generally a direct or 
secondary dysfunction of connective tissue (or in the 
case of Ehlers—Danlos, collagen formation), leading 
to weakness of the viscoelastic properties of the blad- 
der and diverticula formation [9]. 

Secondary congenital bladder diverticula are 
similar in pathogenesis to adult or acquired 
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diverticula and develop as a result of a primary 
bladder or voiding dysfunction. In children, 
they are most commonly seen in the setting of 
posterior urethral valves and neurogenic blad- 
ders, both situations associated with elevated 
voiding and resting bladder pressures. Acquired 
bladder diverticula are traditionally described 
as mucosal protrusions through the detrusor 
muscle and are genuine mucosal hernias [27]. 
In the setting of abnormal voiding or high-pres- 
sure voiding against an obstructed bladder out- 
let, typical pathologic changes to the bladder 
result, including detrusor hypertrophy and tra- 
beculation. Diverticula are thought to develop 
progressively under the effects of high pressure 
in the bladder lumen, first as cellules interdigi- 
tating between hypertrophied detrusor bundles, 
then as saccules and finally as diverticula [14]. 
As the detrusor hypertrophy continues, detrusor 
muscle bundles form a ring of muscle tissue 
around the diverticular ostium; during bladder 
contraction, this ostium is further constricted 
and traps urine inside the diverticulum. As 
acquired diverticula lack muscularis propria 
backing, they are not subjected to the pressures 
exerted by detrusor hypertrophy and they func- 
tion as low-pressure reservoirs relative to the 
bladder lumen. Because of the low-pressure 
gradient between the diverticulum and bladder, 
reciprocal filling of the diverticulum with urine 
during voiding can occur [28]. As the BOO pro- 
gresses, the cycle of increased bladder pres- 
sures and progressive detrusor hypertrophy 
continues, with expansion of existing divertic- 
ula and development of additional ones [14]. 

The pathologic result of urinary stasis within the 
diverticula is similar to the effects of stasis in the 
bladder at large. Recurrent or persistently infected 
urine initiates inflammatory reactions within the 
mucosa, submucosa, and lamina propria. Stasis 
and hyperconcentration of urine solutes promote 
sediment crystallization and stone formation. 
Presumably secondary to prolonged mucosal con- 
tact to urine substances and carcinogens, neoplastic 
changes occur and tumor growth ensues. 
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Clinical Examination and Cystoscopic 
Findings 


Bladder diverticula may not be readily demon- 
strable on physical examination, given their 
rather insidious presentation. If markedly 
enlarged, they may be palpable through the lower 
abdominal wall as a fluctuant or cystic mass, and 
most often could be mistaken for a markedly dis- 
tended bladder. A posteriorly or laterally located 
diverticulum may be palpable on digital rectal 
exam as a fluctuant mass or may cause prostate 
deviation [29]. 

Bladder diverticula are well visualized on 
radiographic studies and are often diagnosed 
incidentally at the time of imaging during evalu- 
ation of other lower urinary tract processes [30]. 
Both static and dynamic cystograms, as in the 
setting of video urodynamic bladder testing, can 
demonstrate diverticula as contrast filled struc- 
tures immediately adjacent to the bladder. 
Cross-sectional imaging with contrast enhance- 
ment (e.g., computerized tomography (CT) or 
magnetic resonance imaging (MRI)) can also 
readily demonstrate diverticula as well as rela- 
tions to surrounding anatomic structures. 
Finally, pelvic and abdominal sonography can 
also delineate bladder diverticula, as is typically 
used in children. 

Cystoscopy is an essential component of the 
evaluation of bladder diverticula and diverticula 
often are diagnosed first during endoscopic 
inspection of the bladder. Typically a bladder 
diverticulum can be seen from within the blad- 
der; however, inspection is limited by the diam- 
eter of the ostium leading into the diverticulum. 
In the case of acquired diverticula, the bladder is 
typically marked by associated trabeculation 
and if the ostium is small, identification may be 
difficult. The location and size of any diverticula 
should be noted as well as the relation to the 
ureteral orifices. Cystoscopic examination of 
bladder diverticula may reveal the presence of a 
stone within the diverticula or more rarely a 
tumor. Because of the association with neoplas- 
tic changes, complete and careful inspection of 
the entire diverticulum is warranted. A flexible 
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cystoscope and possible dilation of the divertic- 
ular neck may be necessary to complete the 
inspection. 

Similar to any bladder abnormality, any area 
of suspicious mucosa should be biopsied and 
submitted for pathological analysis. Several tech- 
niques for mucosal biopsy are available, includ- 
ing brush, cold-cup or forceps biopsy, and 
transurethral resection (TUR); however, as for 
any staging of carcinoma, adequate sampling 
must be assured. In the case of neoplasia in a 
diverticulum, the inherent difficulty in tissue 
biopsy arises from the paucity of submucosal tis- 
sue and detrusor muscle backing: too conserva- 
tive a sampling of tissue may yield unsatisfactory 
results, while overaggressive sampling may risk 
diverticulum perforation. Therefore extreme care 
must be taken during biopsy of a tumor within a 
diverticulum to prevent perforation. 

Although perforation is a known risk of TUR 
of bladder tumor (TURBT) within a diverticu- 
lum, it is not clear how frequently it occurs. The 
incidence of bladder perforation during TUR of a 
normal bladder is estimated to be 1.3-5% [31, 32], 
although the rate of asymptomatic or unrecog- 
nized perforation as measured with immediate 
post-TUR cystogram is reported to be 50-58% 
of cases [33, 34]. While immediate complica- 
tions of hemorrhage or visceral injury are obvi- 
ous results of perforation, the oncologic 
consequences of perforation are not clear as 
extravesical recurrence from tumor seeding is 
reportedly rare [35, 36]. 


Pathology 


Primary congenital bladder diverticula are dis- 
tinct pathologically from acquired or secondary 
diverticula because they represent different enti- 
ties. PCBD are not true herniations of submucosa 
through the detrusor muscles, but instead may be 
more like dilatations or aneurysms. On histologic 
examination of PCBD, fine, attenuated muscle 
fibers can be found lining the diverticula, which 
is thought to represent rudimentary muscularis 
propria [1]. This finding may be supported by the 
hypothesis that PCBD are located at boundaries 
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Fig. 3.1 Low power magnification (a) of bladder diver- 
ticulum showing deep extension between the thick eosino- 
philic bundles of the muscularis propria. On higher 
magnification (b) one can see that the diverticulum is 
lined by variably thick urothelium with an underlying 


where distinct embryological tissues meet and 
muscle fusion is incomplete. Diverticula develop 
primarily in this setting because of primitive 
muscularis propria failure [25, 26]. 

In acquired diverticula, the findings are more 
consistent with the concept of a true mucosal/sub- 
mucosal herniation through the muscularis pro- 
pria. On histological examination, the diverticulum 
wall is generally composed of mucosa and subepi- 
thelial connective tissue or lamina propria [27] 
with a markedly attenuated or absent muscularis 
propria (Fig. 3.la, b). This lack of a true muscu- 
laris propria layer (detrusor muscle) in acquired 
bladder diverticula can lead to problems in staging 
invasive carcinomas arising in them [37], espe- 
cially in distinguishing tumors limited to the lam- 
ina propria (T1) from those that have extended into 
the perivesical fat (T3; Fig. 3.2), with obvious 
therapeutic and prognostic implications. Given the 
unique challenge of accurate pathological staging 
of urothelial tumors arising within bladder diver- 
ticula, along with the inherent difficulty in staging 


inflamed and fibrotic lamina propria. Note that although 
there is muscularis propria on the side of the diverticulum, 
the deep portion is in direct continuity with the perivesical 
adipose tissue 


bladder tumors in biopsy and TUR material, it is 
not surprising to find a significant rate of patho- 
logic upstaging on more extensive resection [24]. 
Tamas et al. reviewed histopathologic sam- 
plings of 71 bladder diverticula treated between 
1981 and 2006 at a tertiary referral center in order 
to address this issue of tumor staging [24]. In 
almost all cases, the boundary between the lam- 
ina propria and perivesical fat was readily defined 
by a variably thick band of dense fibrous tissue. 
The authors submitted that this band could be 
used to differentiate between the perivesical fat, 
which consisted almost entirely of fibroadipose 
tissue, and the lamina propria, which contained 
fibrovascular tissue and more abundant stromal 
tissue, and thus perhaps serves as a pathologic 
landmark to better identify the depth of tumor 
invasion. In their analysis of invasive tumors, the 
authors noted that diverticula with tumors limited 
to the lamina propria frequently demonstrated 
this connective tissue band to be intact, whereas 
in the case of tumors invasive into perivesical fat, 
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Fig. 3.2 Invasive urothelial 
carcinoma arising within a 
bladder diverticulum. Note 
that although the tumor on 
the right portion of the 
photomicrograph appears to 
be limited by thick 
fibroconnective tissue that 
otherwise would suggest 
growth limited to the 
lamina propria (T1), there 
is unequivocal extension 
into the perivesical adipose 
tissue (T3) in the left 
portion of the field, more 
evident on higher 
magnification (inset) 


the tumor cells were readily demonstrated to 
extend beyond this landmark. 

As might be inferred from above, neoplastic 
changes in bladder diverticula are not uncom- 
mon. In fact, it has been reported that up to 10% 
of all bladder diverticula will harbor neoplastic 
changes and that carcinomas arising in divertic- 
ula account for 1.5% of all bladder carcinomas 
[14, 37]. The most common histologic type of 
carcinoma reported in diverticula is urothelial 
carcinoma, while less common types include 
squamous cell carcinoma, adenocarcinoma, small 
cell carcinoma, and sarcomatoid carcinoma [14, 38]. 
There has been some suggestion that a higher 
proportion of unusual tumor types are seen within 
diverticula and may be related to the distinct 
microenvironment that influences the urothelium 
within the diverticulum specifically [24]. As for 
pathologic stage, extension beyond the bladder is 
common, with reports of 33-56% of malignant 
diverticular tumors invading the perivesical adi- 
pose tissue (T3) [24, 38]. 


Management 
Basic Evaluation and Workup 
The basic evaluation of a known or suspected 


bladder diverticulum overlaps with the workups 
of several lower urinary disorders and, as previ- 
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ously discussed, diverticula are most commonly 
detected incidentally during work-up for other 
urinary tract complaints. Therefore, the workup 
for diverticula must involve not only character- 
ization of the diverticula, but also of any associ- 
ated voiding dysfunction or abnormality, such 
as BOO, which may be a contributing etiologic 
agent. Aspects of patient history should focus 
on delineating lower urinary tract symptoms 
consistent with voiding dysfunction suggestive 
of BOO, assessing for any associated sequelae 
or symptoms specifically related to diverticu- 
lum and identifying any other medical or neu- 
rological condition that may contribute to 
urinary tract dysfunction. The essential ele- 
ments of evaluation include cystoscopy to visu- 
ally inspect the diverticula for any neoplastic 
epithelial changes or for stones, urinary cytol- 
ogy as an adjunct to visualization and/or 
mucosal biopsy of any suspicious lesions, 
voiding cystourethrography to assess diverticu- 
lum anatomy and drainage and to detect 
vesicoureteral reflux, and upper urinary tract 
imaging to evaluate for hydroureteronephrosis. 
A culture of urine sampled directly from the 
diverticulum can also be useful if recurrent UTI 
are a manifestation of diverticular disease. If 
malignancy is identified and confirmed with tis- 
sue biopsy, then appropriate staging studies and 
metastatic evaluations should be obtained. If 
significant voiding dysfunction or BOO is 
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detected, further evaluations including multi- 
channel urodynamics preferentially with 
fluoroscopy should be performed. 


Indications for Treatment 


For most patients, the presence of a small bladder 
diverticulum is incidental and causes no symp- 
toms or sequelae. Treatment in such individuals 
is not warranted. In the case of acquired diver- 
ticula, treatment of the underlying condition pre- 
disposing to BOO and diverticulum formation 
should be considered primarily. This is usually 
sufficient to alleviate symptoms attributed to the 
diverticulum and no further treatment of the 
diverticulum specifically is needed if satisfactory 
emptying of the diverticulum is demonstrated 
and no complicating factors are present (e.g., 
stones, malignancy, infections, or reflux). There 
has been debate over the role of prophylactic 
excision of asymptomatic diverticula, primarily 
given the concern for malignant transformation 
[30]. Generally accepted indications for bladder 
diverticulectomy include: malignant disease, 
recurrent or persistent infections, stones, urinary 
obstruction or retention including a poorly drain- 
ing diverticulum, bothersome urinary symptoms, 
or other complicating factors, such as ipsilateral 
vesicoureteral reflux or hydroureteronephrosis 
[14, 30]. If diverticulectomy is warranted and 
BOO exists, a procedure to relieve bladder 
obstruction is performed either before diverti- 
culectomy or concurrently. 


Conservative Management/ 
Observation 


Observation of uncomplicated bladder diverticula 
is the preferred option for most patients. It is rec- 
ommended that these patients be followed peri- 
odically with cystoscopy and urine cytology to 
monitor for malignant transformation [14]. 
However, there is no consensus on frequency of 
evaluations or duration of follow-up. There are 
few reports documenting subsequent tumor for- 
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mation in diverticula under observation, although 
some authors have recommended prophylactic 
diverticulectomy because of the risk for tumor 
development years later and the relative poor 
prognosis of these patients [39]. Others have not 
advocated for prophylactic diverticulectomy, 
arguing that the risk of de novo malignancy is not 
increased [30, 40]. Aside from concerns for 
malignancy, patients should be regularly evalu- 
ated for progression of voiding dysfunction and 
bladder decompensation, particularly if the 
underlying BOO has not been definitively treated. 
As BOO progresses, bladder diverticula may pro- 
gressively enlarge and become problematic and 
additional diverticula may develop. This can be 
monitored with symptom assessment as well as 
periodic uroflowmetry and postvoid residual 
measurements [30]. 


Treatment of Diverticula 
Without Malignancy 


Endoscopic Management 

Various endoscopic approaches to treatment of 
bladder diverticula have been reported. 
Transurethral incision or resection of the diver- 
ticular neck is one such approach [41]. Using a 
cold-cutting Collins knife or electrocautery resec- 
toscope loop, the neck of the diverticulum is 
incised at the level of the ostium through the 
mucosa and submucosal tissue to the level of the 
bladder muscle fibers. This maneuver enlarges 
the neck of the diverticulum, allowing greater 
drainage of urine by releasing the obstructing 
sphincter-like mechanism of the bladder wall. 
Urinary retention has been reported after this 
technique secondary to a reversal of urine flow 
into the diverticulum through the enlarged hiatus 
during micturition [42]. 

Mucosal fulguration of the lining of the diver- 
ticulum can also result in shrinkage and ablation 
[43]; however, this technique is more effective 
when combined with incision of the diverticular 
neck. A four-point incision of the diverticular 
neck combined with mucosal fulguration using a 
roller ball electrode has been described [44—46]. 
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Not only can this serve to ablate the diverticu- 
lum, but it also allows concomitant endoscopic 
management of stones within the diverticulum 
via endoscopic litholopaxy as well as TUR of a 
diverticular tumor that may be poorly 
accessible. 


Open Surgical Excision 

Traditionally, open surgical diverticulum exci- 
sion has been performed most commonly through 
a transvesical approach, but extravesical and 
combined techniques have also been described 
[47]. Open surgical diverticulectomy proceeds 
via either a lower abdominal midline incision or 
through a Pfannenstial or Gibson incision, alter- 
natively, with median separation of the rectus 
muscles and abdominal fascial layers to allow 
entry into the retropubic space. The anterior blad- 
der wall is identified and a transverse cystotomy 
is performed after reflecting the peritoneum off 
the bladder dome. A self-retaining retractor can 
be placed to provide adequate exposure to the 
entire bladder. The entire bladder should be 
inspected and the locations of diverticula noted. 
If a diverticulum is large or in close proximity to 
a ureteral orifice, a ureteral catheter or stent 
should be placed to help identify the ureter and 
avoid inadvertent injury. 

Once identified, small (<2.5 cm diameter) 
diverticulum can be pulled into the bladder 
lumen by grasping the apical component with a 
clamp inserted through the neck and gently 
everting the diverticulum (Fig. 3.3). The diver- 
ticular neck is then divided with cautery and 
bladder wall defect closed in two layers with 
separate muscular and mucosal sutures. If fibrosis 
or peridiverticular adhesions are present prohib- 
iting simple diverticula eversion, then the blad- 
der mucosa around the diverticular ostium is 
sharply incised and the diverticular neck is dis- 
sected free of the surrounding bladder muscula- 
ture. The neck can be grasped with clamps and 
traction applied on the diverticulum; the under- 
lying peridiverticular adhesions can be freed 
from the diverticular sac with a moist gauze as 
the diverticulum is pulled into the bladder. The 
bladder wall is then closed in two layers with 
absorbable suture. 
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Large diverticula can be approached via a 
combined intra- and extravesical technique in 
which the diverticular neck is first incised and 
dissected extravesically with careful attention to 
the location of the ipsilateral ureter and ureteral 
opening. Filling the diverticulum with moist 
gauze can better delineate the margins of the sac, 
especially if there is significant peridiverticular 
fibrosis and adhesions. Once the diverticulum is 
removed, the bladder wall defect is closed with a 
standard two-layer technique. 


Minimally Invasive Surgical Excision: 
Laparoscopic and/or Robotic 
Diverticulectomy 

Increasingly, bladder diverticulectomy has been 
performed with a minimally invasive approach 
by the use of standard laparoscopic instruments 
as well as robotic assistance. Both transperitoneal 
[48] and extraperitoneal [49] laparoscopic 
approaches have been described; robotic-assisted 
laparoscopic diverticulectomy via a transperito- 
neal approach has also recently been reported 
(50, 51]. Both standard and robotic-assisted lap- 
aroscopic techniques essentially emulate the 
standard principles of open surgical repair, with 
the notable difficulty of identifying the diverticu- 
lum intraoperatively. Several techniques have 
been described to facilitate visualization of diver- 
ticula during laparoscopic surgery, including cys- 
toscopic transillumination [52], transurethral 
angiocatheter [51] and Foley catheter balloon 
insertion [49], and separate diverticulum and 
bladder catheterization. 


Bladder Diverticulum Associated 
with Malignancy 


Bladder diverticula harboring malignancy war- 
rant treatment consistent with oncologic princi- 
ples. Prognosis is poorly understood and a wide 
range of 2- and 5-year survival rates of patients 
with tumors in diverticula have been published. 
Two-year survival rates of 16-90% and 5-year 
rates of 72% have been published, albeit from 
relatively small, heterogeneous cohorts [38, 39, 
53-56]. Clinical stage is the most important 
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Fig. 3.3 Transvesical bladder diverticulectomy. Resec- 
tion of medium-sized diverticula and those with signifi- 
cant peridiverticular adhesions is performed by incising 
around the neck of the diverticulum (a) and pulling the 
edges up into the bladder (b), while sweeping off the 


prognostic indicator, as patients with noninvasive 
disease fare significantly better than those with 
invasion at 5 years (83% vs. 45% survival) [38]. 
TUR with intravesical therapy has been described; 


extravesical adhesions until freed (c and d). Small diver- 
ticula can be inverted into the lumen of the bladder and 
the neck transected before closing the bladder in two 
layers (e and f). Reproduced with permission from 
Cookson et al. [47] 


however, partial cystectomy or diverticulectomy 
with or without adjuvant intravesical chemother- 
apy as well as radical cystectomy are all preferred 
treatment modalities. 
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Urethral Diverticula 


Urethral diverticula have traditionally been an 
enigmatic and elusive entity for the treating phy- 
sician. Although relatively common in today’s 
referral practice, urethral diverticula were not 
well described until the middle of the twentieth 
century, perhaps coinciding with improvement in 
radiographic techniques more sensitive to diver- 
ticula detection [14]. Indeed, urethral diverticula 
have been described as being “found in direct 
proportion to the avidity with which it is sought”. 
[57] Urethral diverticula can be found in both 
men and women, although more commonly in 
women. In fact, differences in diverticula in men 
and women represent significantly divergent 
pathologic and etiologic entities, as diverticula 
occurring in men are almost exclusively related 
to postoperative consequences [58]. 

Female urethral diverticula are also primarily 
acquired and are estimated to occur in 1-6% of 
women [59]; however, the prevalence is higher 
(10%) when women with lower urinary tract 
symptoms are screened with dedicated pelvic 
MRI [60], suggesting that a significant number 
of diverticula are either asymptomatic or undiag- 
nosed. Diverticula usually present in the third to 
fifth decades, but occur in women of all ages 
[61]. Racial differences have been described, 
with black women being affected more com- 
monly than white women [62]; however, these 
differences have not been borne out in other 
series [63]. 


Clinical Presentation 


The classical presentation of urethral diverticula 
is described as the “3 Ds”: Dysuria, Dyspareunia, 
and Dribbling (postvoid). However, this symp- 
tom complex is neither specific nor sensitive for 
detecting urethral diverticula, and only a minor- 
ity of patients will present with this trilogy of 
symptoms alone. Most patients present with 
nonspecific lower urinary tract complaints, 
including irritative voiding symptoms, dysuria, 
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and recurrent UTI [14]. A majority will describe 
symptoms of frequency (40-100%) and dysuria 
(30-70%) [61], while up to 24% will report dys- 
pareunia and up to 30% postvoid dribbling [62]. 
Recurrent UTI will present in up to a third of 
patients [62]. Additional presenting symptoms 
include hematuria, tender vaginal mass, reten- 
tion, stones, urethral discharge, and urinary 
incontinence. Urinary incontinence may be pres- 
ent in up to 60% of patients and may be either 
genuine stress incontinence or paradoxical 
incontinence (loss of urine associated with inter- 
mittent drainage of the diverticulum) [64]. 
Symptoms can often be episodic with long peri- 
ods (months to years) between flares [65]. Up to 
20% of patients may be asymptomatic and may 
be diagnosed incidentally on imaging or physi- 
cal examination [14]. 

Because of the nonspecific symptoms with 
which urethral diverticula present, a broad range 
of differential diagnoses may be considered, 
including vaginal wall cyst, cystocele, urethro- 
cele, Skene’s gland abscess, periurethral fibrosis, 
urethral carcinoma, urinary incontinence, inter- 
stitial cystitis, urgency-frequency syndrome, as 
well as idiopathic pelvic pain [66]. Furthermore, 
distinguishing between different etiologies of 
vaginal masses can also be subtle and misleading 
[67, 68]. Misdiagnosis is common and it is rou- 
tine for patients to suffer a significant delay 
before the appropriate diagnosis is made. When 
specifically studied, mean intervals from symp- 
tom onset to diagnosis of 9.5 months to 5.2 years 
have been reported [65, 69], with an average of 
nine different physicians consulted before diag- 
nosis made in one published series [65]. 


Pathogenesis 
Urethral Anatomy 


The female urethra is a 3- to 4-cm membranous 
tube connecting the bladder neck to the external 
urethral meatus and comprised of an epithelial 
lining invested in a thick envelope of smooth 
and skeletal muscle and fibroelastic tissue [14]. 
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The urethra is lined proximally by urothelial or 
transitional epithelium and distally by nonkerati- 
nized stratified squamous epithelium. Closely 
associated with the urethra and emptying poste- 
rolaterally into the distal third of the lumen are a 
series of 6-30 mucus-secreting tubuloalveolar 
glands homologous to the prostate gland in 
males, the periurethral glands [70]. The most 
distal ducts of these glands actually empty lat- 
eral the urethral meatus in the vulva and are 
known as Skene’s ducts. Anatomic support for 
the urethra is provided by the urethropelvic liga- 
ment, a bilaminar sheet of connective tissue 
spanning the urogenital diaphragm, attached to 
both pelvic sidewalls at the tendinous arc of the 
obturator muscle. It is between these two laminae 
of the urethropelvic ligament that the urethra 
courses and the periurethral glands are located. 


Pathogenesis 


The true etiology of urethral diverticula is still 
unknown, but diverticula are generally thought 
to be acquired lesions related to pathology of 
the periurethral glands. Common hypothesis of 
formation suggests that repeated infection and 
obstruction of periurethral glands result in the 
formation of periurethral abscesses and cysts. 
These areas of focal purulent collection subse- 
quently rupture and drain into the urethral 
lumen. With connections to the lumen, these 
areas become urethral outpouchings and can 
undergo epithelialization to become urethral 
diverticulum. Repeated inflammation/infection 
and urine trapping then lead to progression and 
enlargement. Alternatively, there have been a 
few reports of acquired diverticula after midu- 
rethral sling placement that suggest urethral 
diverticula develop from protrusion of urethral 
tissue through iatrogenic defects in the urethro- 
pelvic fascia under influence of proximal, ele- 
vated urethral pressures [71]. Congenital 
urethral abnormalities and birth trauma have 
also been hypothesized as etiologies, although 
urethral diverticula are rare in children [64] and 
15-20% of nulliparous women present with 
diverticula [72]. 
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Cystoscopic/Clinical Examination 
Findings 


Physical examination of the anterior urethral wall 
with careful palpation may demonstrate a mass 
with or without tenderness. Urethral diverticula 
are typically located ventrally over the middle 
and proximal urethra, approximately 2-3 cm 
inside the introitus. The position and relation of a 
vaginal mass to the urethral meatus should be 
noted, as this can help differentiate a urethral 
diverticula from a Skenes gland abscess, which 
may present more distally and drain lateral to the 
meatus [68]. Classically, a urethral diverticulum 
may be demonstrated by “milking” a tender cys- 
tic mass or “stripping” the urethra with expres- 
sion of pus or cloudy urine via the meatus; 
however, this classical sign is only present in a 
minority of patients [65]. A firm mass or nodule 
may suggest the presence of stone within the ure- 
thra or even carcinoma and a high index of suspi- 
cion should be aroused. 

Endoscopic evaluation of the urethra and blad- 
der should be performed, although urethral diver- 
ticula may be very difficult to visualize within the 
urethra, particularly if associated with a small 
ostium or the diverticulum is collapsed [73]. 
Diverticulum compression during urethroscopy 
may aid in the identification of the ostium by 
demonstrating the location of expressed divertic- 
ular contents into the urethra [74]. The use of a 
blunt-tip female cystourethroscope with a zero- 
degree lens may also help with visualization of 
the urethra. 


Radiologic Imaging 


A variety of radiographic techniques have been 
employed for identifying urethral diverticula. 
Historically, voiding cystourethrography (VCUG) 
was considered the best study to demonstrate ure- 
thral diverticula and has an overall reported accu- 
racy of 85% [75] but a sensitivity of only 65% 
[72]. However, the study quality can be limited by 
patient factors, including discomfort and difficulty 
urinating, while locating the orifice can be very 
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difficult and complex diverticular configurations 
may not be well visualized. Presently, VCUG is 
not considered a particularly useful study in the 
workup of suspected urethral diverticula. 
Double-balloon or positive pressure urethrog- 
raphy as modification of retrograde urethrography 
was developed in 1959 [76] and has been demon- 
strated to be superior to VCUG in direct compari- 
sons [77]. An overall accuracy of 90% has been 
reported [78]. Double-balloon urethrography 
(DBU) involves the use of a specialized urethral 
catheter with two balloons to “isolate” the urethra 
by obstructing the bladder neck and urethral 
meatus simultaneously. Iodinated contrast is 
injected into the isolated urethra under pressure, 
thereby filling any urethral communications or 
diverticula. The procedure can be cumbersome to 
perform and is associated with significant patient 
discomfort. Given these limitations and the advent 
of less invasive cross-sectional imaging and ultra- 
sound, DBU is not used commonly today. 
Ultrasonography (US) can be used for evalua- 
tion of urethral diverticula via transabdominal, 
transperineal, or transluminal techniques. 
Transabdominal and to some extent transperineal 
US techniques are limited for the detection of ure- 
thral diverticula as they are relatively insensitive to 
detecting smaller diverticula and thus suboptimal. 
Transluminal US, whether performed transvagi- 
nally, transurethrally, or transrectally, has greater 
sensitivity and provides better anatomic delinea- 
tion. Transvaginal US can image the entire urethra 
from bladder neck to meatus and can provide such 
information as the size, number, location, struc- 
ture, content, and wall thickness of diverticula 
[79]. Transvaginal US may be limited by compres- 
sion of the urethral lumen causing distortion, 
which may be avoided alternatively by employing 
transrectal US [80]. Transurethral or endourethral 
US has been employed in select cases [81] and has 
demonstrated excellent sensitivity and specificity 
(100%) when used intraoperatively to delineate 
diverticular structure and location [82]. 
Conventional computed tomography (CT) has 
limited utility in the diagnosis and characteriza- 
tion of urethral diverticula, which may be demon- 
strated as a cystic mass adjacent to the urethra. 
However, more sophisticated CT image acquisi- 
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tion and processing techniques, including three- 
dimensional (3-D) reconstruction, have led to the 
development of new techniques of urethral evalu- 
ation, including CT voiding urethrography and 
virtual urethroscopy [83]. In this technique, CT 
scan images are rapidly acquired during voiding 
of bladder-instilled iodinated contrast material 
and then are used to generate two-dimensional 
(2-D) or 3-D images, including CT virtual ure- 
throscopic images. Reconstructed 2-D images can 
demonstrate excellent cross-sectional anatomy of 
the urethra and associated structures in all imag- 
ing planes (axial, sagittal, and coronal), while 3-D 
surface rendering can be used to simulate a 
fiberoptic urethroscopic examination (CT virtual 
endoscopy), depicting, for example, the diverticu- 
lar ostium within the lumen of the urethra. While 
experience with CT urethrography is limited, 
there are reports that correlate it well with MRI 
studies and findings at the time of surgery [70]. 

MRI is currently considered the mainstay of 
urethral diverticula imaging. Urethral MRI may be 
performed with a pelvic or torso phased-array coil 
or with an endoluminal coil (endorectal, endovagi- 
nal, or endourethral), which improves high-resolu- 
tion imaging. Endoluminal MR imaging (i.e., with 
endovaginal coil) is the most accurate method for 
identifying and characterizing female urethral 
diverticula, being more sensitive than urethrogra- 
phy or endoscopy for the diagnosis of diverticula 
[70]. T2-weighted images best delineate the female 
urethra and urethral diverticulum, which appears as 
a hyperintense, fluid-filled structure (see Fig. 3.4). 
Gadolinium-enhanced images can improve soft tis- 
sue contrast and may be useful for detecting 
inflammation and malignancy within a diverticu- 
lum. Excellent cross-sectional imaging of axial 
anatomy of the urethra and adjacent structures can 
be achieved with MR imaging while avoiding ion- 
izing radiation exposure or invasiveness associated 
with other forms of diverticular imaging. 


Pathology 
Pathologically, a urethral diverticulum is defined as 


a sac-like protrusion or pocket that is continuous 
with the lumen of the urethra [84]. A “true” 
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Fig. 3.4 On T2-weighted 
MRI, a urethral 
diverticulum appears as a 
hyperintense, fluid-filled 
structure in close proximity 
to the urethral lumen 
(arrow) 
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Fig. 3.5 Urethral diverticula can be lined by different types of epithelia including urothelial, squamous (a), and cuboi- 


dal/columnar (b) cells 


diverticulum pathologically includes all urethral lay- 
ers, including muscle tissue, while a “false” or 
pseudodiverticulum suggests a deficiency of urethral 
layers is present. Implicit in either definition is that 
the diverticular surface lining is in continuity with 
the urethra epithelium and thus would be similar in 
character to that of the urethra proper. The urethral 
lining proximally is characterized by urothelium, 
while the distal urethra is lined by stratified squamous 
epithelium. Both of these epithelial cell types are 
found lining diverticula, as well as columnar and 
cuboidal cell types (Fig. 3.5a, b) [85]. 


Typically, a narrow neck connects the ure- 
thral diverticulum to the urethral lumen, while 
the diverticulum protrudes into and through the 
periurethral smooth muscle to lie within the wall 
of the urethra in a ventral location. In the vast 
majority of cases, the ostium of the diverticu- 
lum is located posterolaterally in the mid or 
distal urethra, corresponding to the location of 
periurethral cyst ducts. Diverticula may be of 
variable sizes, ranging from a few millimeters 
to several centimeters. Several urethral con- 
nections may exist, and complex diverticula 
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Fig. 3.6 A urethral 
diverticulum complicated 
by the development of 
adenocarcinoma, better 
depicted on higher 
magnification (inset) 


structures can be seen with septations and 
extension around part (“saddlebag” or “horse- 
shoe”) or all of the urethra (“circumferential”). 
Noncommunicating diverticula have also been 
demonstrated with MRI [86]. 

A recent report of 22 histologically examined 
diverticula described a predominance of 
squamous (42%) and columnar (32%) epithelial 
types as well as combined squamous and colum- 
nar (18%) and cuboidal (14%); however, no 
diverticula demonstrated urothelial cell type lin- 
ing [84]. Furthermore, no muscle tissue was 
detected within the wall of all diverticula, which 
was composed mainly of fibrous collagen tissue. 
The authors associated these histopathologic fea- 
tures with analogous pathological descriptions of 
paraurethral cysts and suggested both urethral 
diverticula and paraurethral cysts should be con- 
sidered as common entities. 

Epithelial metaplasia is a common finding in 
urethral diverticula, with progression to dyspla- 
sia and neoplasia well described. In a series of 
90 urethral diverticula, only 16 (18%) demon- 
strated “normal” urothelial tissue and 18 (20%) 
demonstrated squamous metaplasia, while 10 
(11%) had nephrogenic adenomas and 5 (6%) 
had intestinal metaplasia [87]. Nine (10%) 
diverticula were found to harbor neoplastic 
changes, including with 5 (6%) invasive adeno- 
carcinoma (Fig. 3.6), 3 with high-grade dyspla- 
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sia, and 1 with low-grade dysplasia. Generally, 
squamous cell carcinoma is the most common 
urethral carcinoma in women; however, this 
increased prevalence of adenocarcinomas in 
urethral diverticula has been reported by others 
as well [88-90]. Approximately 60% of neopla- 
sias arising in urethral diverticula are adenocar- 
cinomas, while 30% are urothelial and only 10% 
are squamous cell carcinomas [72]. The dispro- 
portionate number of adenocarcinomas arising 
in diverticula is consistent with the etiologic 
concept of diverticula developing from periure- 
thral glandular structures, although mechanisms 
of metaplasia and epithelial degeneration are 
also likely contributory. 

Some attempts have been made to standardize 
descriptions of urethral diverticula and classify 
them based on anatomic, pathologic, or etiologic 
factors. Leach et al. proposed a staging system, 
the L/N/S/C3 classification system, which factors 
in diverticular Location, Number, Size, anatomic 
Configuration, site of Communication to the ure- 
thral lumen, and Continence status [91]. Although 
designed to be simple to use, the LNSC3 system 
has not been used widely in contemporary prac- 
tice. Leng and McGuire proposed a dichotomous 
classification system to distinguish true divertic- 
ula (representing de novo diverticula, adherent to 
the classic periurethral cyst/infection etiology) 
from pseudodiverticula, which result from 
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traumatic injury to urethral support tissues 
(specifically postsurgical defects in periurethral 
fascia) and protrusion of mucosa through this 
defect under the force of repeated hydrostatic/ 
voiding pressure [71]. 


Management 
Nonoperative Management 


The natural history of urethral diverticula is 
unknown. For asymptomatic or mildly symptom- 
atic diverticula, particularly if small, conservative 
management with observation may be warranted 
[61]. Antibiotics and even anticholinergic therapy 
can provide some relief in patients with mild 
symptoms [92]. Any associated finding, such as 
the presence of stones or diverticular mass, war- 
rants further investigation and possibly surgical 
treatment. 


Transurethral Procedures 

Several transurethral procedures have been 
described for the treatment of urethral diverticula, 
although they are not widely accepted. 
Transurethral unroofing of the diverticulum with 
fulguration of the lining of the sac has been 
described and results in decompression as well as 
contraction and scarring of the sac [62, 93]. 
Additionally, transurethral enlargement of the 
diverticular ostium by a linear or longitudinal 
incision with a knife electrode [94] or cold-knife 
[95] urethrotome also decompresses the divertic- 
ulum to promote drainage and results in rapid 
symptomatic improvement. Long-term outcomes 
are lacking, however, and there are concerns 
regarding diverticular recurrence. 

For distal diverticula, marsupialization via a 
posterior urethral meatotomy with incision of the 
urethrovaginal septum allows for drainage and 
closure by secondary intention [96]. Once the 
ostium is identified in the urethra, the urethral 
meatus and distal urethral lumen are incised 
sharply along the ventral aspect through the entire 
thickness of the urethrovaginal septum, incorpo- 
rating the ostium proximally. A distal urethrovag- 
inal fistula is essentially created, allowing free 
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drainage of the diverticulum. This technique is 
only appropriate for distally located diverticular 
ostia; marsupialization too proximal or adjacent 
to the urinary sphincter mechanism may result in 
urinary incontinence. 


Transvaginal Surgical Excision 

Definitive surgical treatment for urethral diver- 
ticula involves complete excision of the divertic- 
ular sac and ostium and reconstruction of the 
urethral defect with watertight suture lines and 
interposition tissue layers [74]. This is approached 
via a transvaginal technique with the patient in 
the lithotomy position. The essential steps in ure- 
thral diverticulectomy are illustrated in Fig. 3.7. 
Care must be taken to dissect and preserve the 
periurethral fascia for closure purposes, while 
meticulous dissection and excision of the entire 
diverticular wall or sac are critical, so as to iden- 
tify and excise the neck or ostium of the diver- 
ticulum. A watertight, tension-free urethral 
closure with multilayered tissue interposition 
layers is necessary, including the use of a labial 
fat pad (Martius flap) interposition if tissue qual- 
ity is poor. 


Concomitant SUI Procedures 

Up to 50% of patients presenting with urethral 
diverticula will demonstrate urodynamically 
confirmed stress urinary incontinence (SUI) 
[64] and there is considerable debate as to the 
merits of performing concomitant SUI proce- 
dures at the time of diverticulectomy. Some 
authors have advocated for the routine use of 
autologous pubovaginal suburethral sling place- 
ment routinely in patients undergoing diverticu- 
lar excision [97, 98], while others prefer a staged 
approach to treating the incontinence [61, 66]. It 
is generally agreed that the use of synthetic sling 
material should be avoided at the time of divert- 
iculectomy because of concerns of infection and 
erosion [99]. 


Management of Diverticulum Associated 
with Malignancy 

There is little consensus on managing urethral 
carcinomas arising within a urethral diverticulum 
[100]. Most diverticular carcinomas tend to 
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Fig. 3.7 Transvaginal urethral diverticulectomy is per- 
formed by incising and mobilizing the periurethral fascia 
overlying the diverticulum (a and b), circumferentially 
dissecting the diverticulum free from surrounding tissue 


present with local invasion on tumor staging, 
with a higher predominance of stage T2 or higher 
lesions. For this reason, it is generally accepted 
that aggressive surgical excision, including pelvic 
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vaginal wall 


d Periurethral 
flap 


Closure of 
periurethral 
flaps 


(c and d), dividing the neck and ostium at the level of the 
urethra, and closing the urethral and periurethral fascial 
defects with offsetting watertight suture lines (e and f). 
Reproduced with permission from Scarpero et al. [74] 


exenteration, is warranted; however, the efficacy 
of diverticulectomy alone and the role of adju- 
vant chemotherapy or radiotherapy have not been 
studied. 
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Infection and Inflammatory 


Disorders 


Charles C. Guo and Courteney K. Moore 


Introduction 


Cystitis is the broad term encompassing the 
inflammatory response of the urinary bladder to 
various harmful stimuli. In the acute phase, cysti- 
tis is characterized by enhanced blood flow to the 
urinary bladder that results in leakage and accu- 
mulation of leukocytes and plasma in the bladder 
wall. In the chronic phase, cystitis is generally a 
healing process characterized by simultaneous 
tissue destruction and repair. Although cystitis 
rarely results in the death of a patient, it often 
leads to significant morbidity. Patients may 
develop general symptoms, such as fever, chill, 
malaise, and lethargy, as well as urinary symp- 
toms, such as dysuria, frequency, urgency, and 
suprapubic pain. Patients may also have marked 
changes in urine, including hematuria, bacteriu- 
ria, and/or pyuria. 

A variety of “injuries” can cause cystitis. The 
most common injury is infection from various 
microorganisms. Bacteria, most commonly 
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Escherichia coli, account for the majority of 
pathogens. Bacteria infect the bladder most com- 
monly by ascending the urethra. In females, 
adherence of pathogens to the introital and urothe- 
lial mucosa plays a significant role in ascending 
infections. Occasionally, bacteria may infect the 
bladder via a hematogenous or lymphatic route. 
Fungal and viral infections usually occur in immu- 
nocompromised patients. Protozoa, such as schis- 
tosomiasis, are rarely seen in the United States, 
but are prevalent in some areas of Africa and the 
Middle East. Noninfectious injuries—such as 
physical trauma (e.g., instrumentation, catheter- 
ization, and bladder stones), radiation, and che- 
motherapeutic agents—can also evoke a 
cystitis-type response. In some cases, such as 
interstitial cystitis, malakoplakia, and eosinophilic 
cystitis, the exact etiology is unclear despite dis- 
tinctive manifestations and histologic features. 

In this chapter, cystitis is divided into two broad 
categories, infectious cystitis and inflammatory 
cystitis, based on the presence or absence of infec- 
tious pathogens. Under each category, a variety of 
specific entities with distinct pathological and 
clinical features will be discussed. 


Infectious Cystitis 
Bacterial Cystitis 
Infectious cystitis, or urinary tract infection 


(UTI), is the second most common infectious dis- 
ease in humans, second only to respiratory tract 
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infections. UTI is the most common urological 
disease in the United States and leads to 8 million 
visits to physicians’ offices, 1.5 million visits to 
emergency rooms, and 300,000 hospital admis- 
sions every year [1, 2]. UTIs account for 1.2% of 
all office visits by women and 0.6% of all office 
visits by men [3]. The annual cost to treat UTIs is 
about $3.5 billion US dollars [1]. Women are 
more frequently affected than men partly due to 
female pelvic and urethral anatomy. In women, 
the urethra is relatively short and in close proxim- 
ity to the anus, making the urinary bladder easily 
accessible to bacteria. 

Bacterial cystitis, the most common bacterial 
infection in humans, accounts for the overwhelm- 
ing majority of UTIs. More than 80% of bacterial 
cystitis is caused by E. coli, a normal flora in the 
lower gastrointestinal tract [4]. Other bacterial 
species, such as Staphylococcus saprophyticus, 
Klebsiella pneumoniae, Streptococcus faecalis, 
Proteus vulgaris, Neisseria gonorrhoeae, 
Salmonella typhi, and diphtheroids, have also 
been implicated in bacterial cystitis. Risk factors 
include urinary obstruction, catheterization, cys- 
toscopy, pregnancy, and diabetes. Frequent sex- 
ual activity also significantly increases the risk of 
bacterial cystitis [5]. 

Normal urine is generally sterile in the urinary 
bladder. When bacteria colonize the urine, 
patients may develop bacterial cystitis. Bacteriuria 
is defined as the presence of bacteria in the urine. 
Bacteria may be identified by microscopic exam- 
ination of the urine or indirectly detected by a 
dipstick test for nitrite. Bacterial culture, the gold 
standard, not only confirms the diagnosis, but 
also provides valuable information regarding the 
sensitivity of bacteria to antibiotics. The micro- 
biologic diagnosis of acute cystitis requires 
greater than or equal to 10° colony forming units 
(CFU) per mL. Because the urine is prone to con- 
tamination during the specimen collection and 
transfer, midstream clean-catch voided urine or 
catheterized urine may reduce the likelihood of 
contamination. Pyuria is defined as the presence 
of four or more neutrophils per high power field 
of unspun, voided midstream urine. Although it 
is most commonly associated with bacterial cys- 
titis, pyuria can also be seen in other conditions, 
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such as stones, Kawasaki disease, tuberculosis, 
and reaction to acetaminophen [6]. 

Bladder biopsy specimens generally show 
similar histologic features regardless of the type 
of bacteria involved in cystitis. In the acute phase, 
the urothelial mucosa may be ulcerated and cov- 
ered by fibrinous exudate that contains abundant 
neutrophils sometimes mixed with bacterial colo- 
nies. The lamina propria is edematous and hype- 
remic with an intense neutrophilic infiltrate. In 
severe cases, suppuration and abscess may 
develop in the bladder wall. In the chronic phase, 
the neutrophils are gradually replaced with lym- 
phocytes, eosinophils, macrophages, and plasma 
cells. Granulation tissue and fibrosis may be seen 
in the lamina propria. In general, bladder biopsy 
has limited value in establishing the diagnosis, 
which can be better accomplished by clinical pre- 
sentation, urine examination, and urine culture. 

Acute uncomplicated UTIs or acute uncom- 
plicated cystitis is characterized by dysuria, fre- 
quency, urgency, suprapubic pressure, or pain, 
hematuria and occasionally nausea and vomiting. 
In the elderly and spinal cord injury patients, the 
symptoms may be subtle, consisting of abdomi- 
nal discomfort, worsening incontinence, or they 
may be completely asymptomatic. Although 
urine culture is the gold standard of diagnosis, 
new onset frequency, dysuria, and urgency have a 
positive predictive value of 90% for acute cystitis 
[7]. As many as 10-20% of symptomatic patients 
may have negative urine cultures due to lower 
than 10° CFU [7]. 

In uncomplicated UTIs, E. coli is the most 
common pathogen, isolated in more than 80% of 
community acquired UTIs [8]. Staphyloccoccus 
saprophyticus accounts for 5—15%, especially in 
sexually active younger females, with the remain- 
ing 5-10% caused by aerobic gram-negative rods, 
such as Klebsiella, Proteus, and enterococci [8]. 

The North American Urinary Tract Infection 
Collaborative Alliance study from 2003 to 2004 
determined the resistance rate of E. coli to ampi- 
cillin was 38%, trimethoprim-sulfamethoxazole 
(TMP/SMX) 21%, nitrofurantoin 1%, and 
ciprofloxacin 6% [8]. Several more recent stud- 
ies have shown that aminopenicillins and 
fluoroquinolones have lost effectiveness against 


4 Infection and Inflammatory Disorders 


65 


Fig. 4.1 (a) Malakoplakia shows abundant histiocytes 
with granular eosinophilic cytoplasm infiltrating the 
lamina propria. (b) Granular eosinophilic cytoplasm in 
histiocytes is highlighted on periodic acid-Schiff stain. 


typical acute cystitis pathogens due to increasing 
resistance [9]. Therefore, drugs with low resis- 
tance rates, such as TMP/SMX, fosfomycin, and 
nitrofurantoin, should be considered first-line in 
the treatment of uncomplicated UTIs. The 
Infectious Diseases Society of America 
Guidelines recommend TMP/SMX for 3 days as 
first-line treatment for acute uncomplicated cys- 
titis [10]. In areas where the prevalence of E. coli 
resistance to TMP/SMZ is >20%, treatment with 
nitrofurantoin for 7 days or fluoroquinolone for 
3 days is recommended. 


Malakoplakia 


Malakoplakia is a descriptive term used for soft 
plaque lesions in the urothelial mucosa. The word 
malakoplakia was derived from the Greek roots of 
malakos (soft) and plakos (plaque) [11]. Since it 


(c) Target-like Michaelis-Guttman bodies are present in 
some histiocytes. (d) Michaelis-Gutman bodies are high- 
lighted on von Kossa stain 


was first described in the urinary bladder by 
Michaelis and Gutmann, malakoplakia has also 
been reported in the skin, lymph nodes, bones, 
lungs, brain, and gastrointestinal tract [12, 13]. 
While malakoplakia may occur in children, it is 
most commonly seen in adults, with a peak inci- 
dence in the fifth decade. Most patients are 
women with a female: male ratio of 4:1. Patients 
may also have various degrees of suppressed 
immune status. 

On cystoscopy, the lesions are characteristic 
of multiple, yellow-white, soft plaques on the 
urothelial mucosa. The plaques are often raised 
with an indentation at the center and a rim of con- 
gestion in the periphery. They are usually less 
than 2 cm and are more common at the bladder 
base. Microscopically, the plaque lesion is char- 
acterized by abundant histiocytes in the lamina 
propria (Fig. 4.1a). The histiocytes, or the so- 
called von Hansemann cells, contain granular 
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eosinophilic cytoplasm that can be highlighted 
on the periodic acid-Schiff (PAS) stain (Fig. 4.1b). 
The histologic hallmark is the presence of intra- 
cytoplasmic inclusions, known as Michaelis- 
Gutmann bodies, in the histiocytes (Fig. 4.1c). 
Michaelis-Gutmann bodies, ranging from 2 to 
10 um in diameter, have a target-like appearance 
with a dense dot at the center and a lucent space 
in the periphery. They often contain calcium and 
sometimes iron that can be highlighted on von 
Kossa (calcium) (Fig. 4.1d) and Prussian blue 
(iron) stains, respectively. Mineralization occurs 
later in the disease process, so early lesions of 
malakoplakia may only stain with PAS. On elec- 
tromicroscopy, Michaelis-Gutmann bodies con- 
sist of a dense crystalline core surrounded by a 
homogeneous zone of myelin figures. In later 
stages of malakoplakia, the diagnosis may be 
complicated by extensive fibrosis and granula- 
tion tissue response. An associated acute or 
chronic inflammatory infiltrate may also obscure 
the histiocytes at any phase. The most critical dif- 
ferential diagnostic consideration for the histo- 
logic diagnosis of malakoplakia is urothelial 
carcinoma with a sheet-like pattern of growth. 
The more striking nuclear pleomorphism and the 
cytokeratin immunoreactivity in the neoplastic 
cells of carcinomas should allow distinction in 
the majority of cases. 

The etiology of malakoplakia is unclear. It 
was initially thought to be a response to bladder 
cancer or an infectious disease of fungi, tubercles 
bacilli, or virus. Recent studies have suggested 
that malakoplakia is likely to represent an 
impaired granulomatous reaction in which histio- 
cytes cannot sufficiently eliminate phagocytosed 
bacteria [14]. E. coli is the most frequently cul- 
tured from the urine of patients with malakopla- 
kia, and other bacteria, including P. vulgaris, 
Aerobacter Aerogenes, K. pneumoniae, and 
Alpha-hemolytic streptococci, have also been 
isolated [15]. Furthermore, ultrastructural studies 
reveal the presence of fragments of the E. coli 
wall in the histiocytes, supporting the premise 
that the histiocytes have a decreased ability to kill 
the bacteria in malakoplakia [16]. 

The typical presentation is bladder irritability 
and hematuria in a debilitated or immunosup- 


C.C. Guo and C.K. Moore 


pressed patient with chronic E. coli infections. 
Cystoscopy reveals yellow mucosal plaques or 
nodules within the bladder. As the disease 
progresses these nodules can grow and create 
radiographic filling defects of the bladder and 
eventually compression of the distal ureter leading 
to renal obstruction or ultimately renal failure. 
Management should be aimed at eradicating 
the UTIs that perpetuate the disease process. 
Treatment with sulfonamides, rifampin, doxycy- 
cline, and TMP are very effective given their 
intracellular bactericidal activity [17]. Fluoro- 
quinolones, because of macrophage ingestion, 
have also proven effective in the management of 
malakoplakia [18]. Several studies have demon- 
strated the beneficial effects of combination 
therapy, ascorbic acid or bethanechol and antimi- 
crobial therapy, in treating malakoplakia [14, 19, 20]. 
Both agents are believed to increase intracellular 
cyclic guanosine monophosphate levels, the bio- 
logic defect causing macrophage dysfunction [21]. 


Tuberculous Cystitis 


Tuberculous infection is rare in the USA, but its 
incidence has increased recently. The risk factors 
include human immunodeficiency virus (HIV) 
infection, organ transplantation, and immigration 
from developing countries [22]. The majority of 
tuberculous infection occurs in the lungs. In 10% 
of cases, tuberculous bacteria may also infect 
extrapulmonary sites. The genitourinary tract is 
the most common extrapulmonary site of tuber- 
culous infection [23]. Most tuberculous infec- 
tions of the urinary tract occur in the kidney, and 
tuberculous cystitis is usually secondary to renal 
tuberculosis due to a downstream effect. 
Mycobacterium tuberculosis is identified in most 
cases while Mycobacterium bovis is reported in 
only 3% of cases [24]. 

Microscopically, the characteristic lesions are 
composed of tuberculous granulomas, in which 
central caseous necrosis is surrounded by multi- 
nucleated giant cells, plasma cells, and lympho- 
cytes. Acid-fast or auramine-rhodamine-stained 
sections will usually disclose mycobacteria, but 
the organisms may be very few in number and 
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Fig. 4.2 BCG granuloma 
is composed of epithelioid 
histiocytes, multinucleated 
giant cells, and other 
inflammation cells 
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very careful and prolonged evaluation at high 
power magnification is often necessary for 
identification of the organisms. The absence of 
acid-fast bacilli by special stains and microscopy 
does not entirely exclude the diagnosis. In highly 
suspicious cases where organisms are not 
identified, additional tissue or urine cultures or 
molecular testing for Mycobacterium by poly- 
merase chain reaction (PCR) methodology on the 
paraffin-embedded tissue may be utilized for 
diagnosis if needed. 

Bacillus Calmette-Guérin (BCG) is an attenu- 
ated mycobacteria that is used to treat urothelial 
carcinoma in situ and superficially invasive 
urothelial carcinoma [25]. In the bladder, the live 
BCG organisms bind to the urothelium through 
the interaction of a fibronectin attachment protein 
on the bacteria surface with fibronectin in the 
urothelium. Although controversial, it has been 
proposed that BCG organisms are then internal- 
ized by the urothelial cells, leaving the mycobac- 
terial surface glycoproteins, which serve as 
antigens to initiate a local immune response [26]. 
On bladder biopsy, the urothelium is often ulcer- 
ated. The characteristic finding is the presence of 
marked chronic granulomatous inflammation 
(Fig. 4.2). The granulomas are composed of epi- 
thelioid histiocytes, lymphocytes, and multinu- 
cleated giant cells. Occasionally, eosinophils are 
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numerous. The granulomas typically have rela- 
tively round contours with no central necrosis; 
acid-fast stains may identify organisms, but spe- 
cial stains are not typically utilized in this set- 
ting. Nephrogenic adenoma has also been 
reported in patients who receive intravesical 
BCG therapy [27]. 

The presenting symptoms of tubercular cysti- 
tis are similar to those of any UTI: frequency, 
urgency, hematuria, and dysuria. Patients may 
also have systemic symptoms of tuberculosis, 
such as fever, night sweats, and weight loss. 

If tuberculosis infection is suspected, at least 
3, but preferably 5, consecutive early morning 
urines should be collected. The urine is classi- 
cally characterized by a sterile pyuria; however, 
up to 20% of patients will not have leukocytes in 
the urine. Overt hematuria is present in only 10% 
of patients, but microscopic hematuria is present 
in up to 50% [21]. 

Cystoscopy is rarely indicated in the diagnosis 
of genitourinary TB and bladder biopsies are 
only indicated to rule out malignancy. Tuber- 
culous cystitis often affects the ureteral orifices 
and trigone regions. In the acute phase, the 
urothelial mucosa may be congested and edema- 
tous. There are often tiny elevated yellow or 
white spots in the urothelial mucosa that may 
become ulcerated. In the chronic phase, the bladder 
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wall becomes fibrotic and contracted, leading to 
a low capacity bladder; the ureteral orifices may 
be obstructed, causing hydronephrosis and hydro- 
ureter; in severe cases, fistula may develop and 
penetrate the bladder wall, resulting in peritonitis. 
The current recommendation of the US 
Centers for Disease Control (CDC) is to treat 
compliant patients with drug-sensitive genitouri- 
nary TB for 6-9 months with rifampin, INH, 
pyrazinamide, and ethambutol [21]. Patients 
should have three consecutive early morning 
specimens of urine done at 3, 6, and 12 months. 
In the last decade, multidrug-resistant tuberculo- 
sis (MDR TB) emerged as a major public health 
problem. In this population, treatment regimens 
should be tailored to the organism’s sensitivity 
and continued for 18—24 months or 12—18 months 
after cultures become negative [21]. 


Fungal Cystitis 


Fungal cystitis is more commonly seen in immu- 
nocompromised patients. Other predisposing fac- 
tors include indwelling catheters, antimicrobial 
therapy, diabetes mellitus, and hospitalization. 
Most patients with fungal cystitis are asymptom- 
atic. Only 4% of patients are symptomatic and 
present with urgency, frequency, and hematuria 
[28]. The majority of fungal cystitis is caused by 
Candida species, particularly C. albicans [29]. 
Rarely fungal cystitis may be caused by 
Aspergillus species. Fungal cystitis can be due to 
either hematogenous spread or ascending infec- 
tion via the urethra. 

Cystoscopy may reveal sharply demarcated 
white plaques in the urothelial mucosa. The 
plaques are usually irregular in shape and are 
most commonly seen in the trigone. Occasionally, 
a fungus ball may be present in the bladder or in 
the upper tracts. 

Microscopically, the urothelial mucosa may 
be ulcerated, and there is usually marked acute 
and chronic inflammation in the lamina propria. 
Fungal hyphae and budding yeast forms may be 
seen in routine sections, which can be high- 
lighted on PAS or Gomori’s methenamine sil- 
ver stains. 
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Fungal infection is a difficult problem to diag- 
nose. Blood and urine culture may detect fungi; 
however, fungemia and funguria are often tran- 
sient. Bacterial cystitis is far more common and 
should be excluded before reaching the diagnosis 
of fungal cystitis. Recently, the detection of fungi 
using PCR methodology promises to be a valu- 
able diagnostic tool with high sensitivity and 
specificity [30]. 

Treatment of funguria is recommended in 
symptomatic or immunocompromised patients. 
Removal of indwelling Foley catheters (and other 
foreign bodies such as ureteral stents) and cessa- 
tion of antibiotics should be first-line therapy and 
may eradicate colonization or infection. In a pro- 
spective multicenter study of patients with noso- 
comial funguria, Kauffman et al. reported that in 
116 patients who had catheter removal as the 
only treatment, the funguria resolved in 41 
(35.3%) [28]. If candiduria does not resolve after 
removal of the indwelling urinary catheter or ces- 
sation of antibiotic therapy, then antifungal ther- 
apy should be initiated. This could include 
bladder irrigation, oral, and/or parenteral admin- 
istration of antifungal agents. In a study by Lee 
et al., bladder irrigation with amphotericin B was 
faster at eradicating candiduria than oral or intra- 
venous therapy. However, successful eradication 
rates 1—4 weeks after treatment were similar for 
all three regimens [31]. 


Viral Cystitis 


Viral cystitis is rare in immunocompetent hosts, 
but it has been increasingly seen in immunocom- 
promised patients. The common risk factors for 
immunosuppression include stem cell and solid 
organ transplantation, cancer chemotherapy, and 
HIV infection. Viral infections by BK virus, ade- 
novirus, and cytomegalovirus have been associ- 
ated with hemorrhagic cystitis [32]. Bladder 
biopsy evaluation, even with the use of specific 
immunohistochemical antibodies directed against 
viral antigens, is generally ineffective in diagnos- 
ing a specific viral infection. In some cases, the 
specific viral inclusions may be identified. 
Culture-based tests may be useful, but usually 
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Fig. 4.3 (a) Condyloma acuminatum of the bladder shows papillary squamous hyperplasia with koilocytosis and wrin- 
kled nuclei. (b) HPV in situ hybridization demonstrates punctuate nuclear stain of HPV DNA 


take days or weeks. Furthermore, the sensitivity 
of viral culture is influenced by several factors, 
such as specimen transfer, blood transfusion, and 
therapy. Molecular technology, particularly real- 
time PCR, has become the diagnostic method of 
choice [33]. PCR is a rapid and sensitive test that 
can not only detect the specific viral pathogen but 
also quantify the viral load. 

Studies have found that human papillomavi- 
rus (HPV) may cause condyloma acuminatum in 
the bladder [34, 35]. Most patients have concur- 
rent condyloma of the external genitalia, urethra, 
and perineum, but some patients may have con- 
dylomata only in the bladder. Cystoscopy often 
reveals papillary lesions in the bladder trigone 
that may closely mimic papillary urothelial car- 
cinoma. Microscopically, the lesions are charac- 
terized by papillary squamous hyperplasia with 
koilocytosis, clear cytoplasm, and wrinkled 
nuclei (Fig. 4.3a). HPV in situ hybridization 
often demonstrates punctate staining of HPV 
DNA in the nuclei (Fig. 4.3b). Condyloma of the 
urinary bladder may be associated with or prog- 
ress to carcinoma and patients should be closely 
followed [34]. 

The clinical presentation of viral cystitis varies 
depending upon the immune status of the patient. 
In immunocompetent patients, symptoms are 
similar to bacterial cystitis: dysuria, urgency, fre- 
quency, hematuria, and suprapubic pressure. In 
immunocompromised hosts, fever, malaise, and 
significant gross hematuria are often present. 


The diagnosis of viral cystitis is made primar- 
ily by ruling out a positive bacterial culture. In 
immunocompromised patients, cytology, enzyme- 
linked immunosorbent assay (ELISA), and PCR 
are often employed. 

Like clinical manifestations, treatments vary 
depending on the status of the patient, with 
immunocompetent patients treated conserva- 
tively. In immunocompromised patients, the 
treatment depends on the virus and the degree of 
gross hematuria. Cidofovir is the drug of choice 
for human polyomavirus, adenovirus, and cyto- 
megalovirus [32]. 


Schistosomal Cystitis 


Schistosomiasis is one of the most common para- 
sitic diseases in the world. There are more than 
200 million people infected with Schistosoma 
worldwide, with most patients found in Africa 
and the Middle East [36]. Schistosomal infection 
is rare in the United States and other developed 
countries. Schistosomal cystitis, also known as 
bilharziasis, is a chronic infection of the urinary 
bladder by Schistosoma. Although four schisto- 
somal species can infect humans, most schisto- 
somal cystitis is caused by the species S. 
haematobium. Schistosoma infects humans when 
they come into contact with contaminated water 
[37]. The parasites, in the form of cercariae, 
penetrate the skin and enter the blood vessels. 
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Fig. 4.4 Schistosoma 
shows calcified parasitic 
eggs in the bladder wall 


The cercariae reach the liver via the bloodstream 
and mature into adult flukes. Then the flukes 
migrate to the venous plexuses around the blad- 
der where the female fluke lays thousands of eggs 
every day. The eggs transverse the bladder wall 
and enter into the urinary bladder lumen. After 
the eggs are released from the host into the water 
supply, the eggs hatch and form miracardiae, 
which infect freshwater snails, the intermediate 
hosts. Inside snails, miracardiae evolve into cer- 
cariae and release into water. The free-swimming 
cercariae become infective to humans. 

Schistosomal cystitis can be divided into 
active and chronic phases. In the acute phase, 
schistosomal eggs deposit in the muscularis pro- 
pria and lamina propria of the bladder wall, elic- 
iting an inflammatory reaction. The urothelial 
mucosa may become ulcerated, leading to hema- 
turia and clot retention. There are usually abun- 
dant neutrophils, eosinophils, and lymphocytes 
in the bladder wall, which will be followed by 
chronic granulomatous inflammation with giant 
cell reaction. Large inflammatory polyps may 
form in the trigone and ureteral orifices, which 
may obstruct the ureters or the bladder outlet. In 
the chronic phase, eggs become calcified in the 
bladder wall (Fig. 4.4) and inflammatory polyps 
become fibrotic. Urothelial ulcers may still per- 
sist. Metaplastic changes, such as squamous and 
intestinal metaplasia, are common. 
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The diagnosis of schistosomal cystitis is usu- 
ally made by examination of the urine for eggs in 
the acute phase. The presence of terminally 
spined eggs in urinary sediment is pathogno- 
monic of active S. haematobium infection. In the 
chronic phase, eggs may be difficult to find and 
serological and immunological tests may be help- 
ful. Schistosomiasis should also be suspected in 
patients with chronic or recurrent UTIs caused by 
Salmonella species. Salmonella organisms reside 
in the apical invaginations of the schistosome 
tegument, where they are protected from host 
defenses and antibiotics. 

Acutely, 3—6 weeks after infection, patients 
develop Katayama fever, characterized by lymph- 
adenopathy, splenomegaly, eosinophilia, and 
urticaria. During the early chronic phase of the 
disease, 2-3 months after infection, eggs are 
excreted in the urine, accounting for the classic 
hematuria with terminal dysuria presentation. 
Hematuria can be very pronounced resulting in 
anemia or clot retention. Patients may also 
develop polypoid lesions of the bladder leading 
to urethral or ureteral obstruction. 

The late chronic active stage, 4-7 months after 
infection, is characterized by schistosomal “con- 
tracted bladder” syndrome: constant, deep lower 
abdominal and pelvic pain, urgency, frequency, 
and incontinence [38]. During this phase the trig- 
one appears normal or minimally hyperemic and 
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Fig. 4.5 (a) Interstitial cystitis shows inflammatory cells 
infiltrating the urothelial mucosa and lamina propria asso- 
ciated with hemorrhage. (b) Giemsa stain highlights mast 


edematous, however, the entire bladder wall thick- 
ens, reducing the lumen and hence the bladder 
capacity to as little as 50 mL. Several years after 
active infection, patients enter the chronic inactive 
phase, in which viable eggs are no longer detected 
in urine or tissues. Signs and symptoms at this 
stage are caused by sequelae and complications 
rather than by the schistosomal infection. 

All patients with schistosomiasis should be 
treated regardless of the intensity or apparent activ- 
ity of their infection. Praziquantel is the drug of 
choice for all Schistosoma species with cure rates 
ranging from 83 to 100% [39]. It is well known 
that patients with schistosomal cystitis have an 
increased risk for the development of squamous 
cell carcinoma of the bladder and these patients 
should be followed with cystoscopy [40]. 


Bladder Inflammation Diseases 
Interstitial Cystitis 


Interstitial cystitis is a chronic inflammatory dis- 
ease characterized by a triad of bladder pain, uri- 
nary frequency, and urgency. It was first described 
by Hunner, and, therefore, has also been referred 
to as Hunner’s ulcer [41]. Interstitial cystitis var- 
ies in symptoms and severity. For the patients 
who suffer from chronic bladder pain but do not 
meet the strict criteria for interstitial cystitis, the 


cells infiltrating the muscularis propria in interstitial 
cystitis (courtesy of Dr. Steven Shen) 


term painful bladder syndrome (PBS) has been 
used [42, 43]. Recently the European Society for 
the Study of Interstitial Cystitis has adopted the 
term “bladder pain syndrome/interstitial cystitis” 
to include all cases of chronic bladder pain that 
cannot be attributed to other specific causes [44]. 
According to this broad definition, the prevalence 
of the disease is estimated to be 300 in women 
and 30 in men per 100,000 [45]. Interstitial cysti- 
tis poses a diagnostic challenge for both urolo- 
gists and pathologists, and the diagnosis can only 
be made after other specific causes have been 
ruled out and repeated urine cultures for microor- 
ganisms are negative. 

Cystoscopy may reveal punctate hemorrhage 
and fissure in the urothelial mucosa after bladder 
distention. Radiating scars may be seen in the 
late phase of disease. Interstitial cystitis often 
affects the dome, posterior and lateral walls, but 
is rarely present in the trigone. 

Bladder biopsy specimens have a variety of 
appearances. There is usually an infiltrate of lym- 
phocytes and plasma cells in the lamina propria 
(Fig. 4.5a). Hemorrhage and edema may also be 
seen in the lamina propria. When present, Hunner 
ulcers in the urothelial mucosa are wedge-shaped 
and covered by fibrin and necrotic material. An 
increased number of mast cells are often seen in 
the specimen, particularly in the muscularis 
propria. Mast cells may become numerous when 
an ulcer is present. However, there is lack of 
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consensus in the literature regarding what is the 
“normal” concentration of mast cells in the blad- 
der wall, partly due to the difficulty of counting 
mast cells on routine hematoxylin and eosin 
stained sections and their increased numbers in 
other unrelated inflammatory conditions. Special 
chemical stains, such as Toluidine blue and 
Giemsa (Fig. 4.5b) or immunostains for CD117 
(c-kit), may be helpful in the counting. Overall, 
however, the diagnosis of interstitial cystitis is 
based on clinical features, and the pathologic fea- 
tures are not specific. The major role of bladder 
biopsy is not to specifically diagnose interstitial 
cystitis, but rather to rule out other conditions, 
particularly urothelial carcinoma in situ, which 
may clinically mimic interstitial cystitis. 

Interstitial cystitis or PBS, the terminology 
preferred by the International Continence Society 
(ICS), is defined as “the complaint of suprapubic 
pain related to bladder filling, accompanied by 
other symptoms such as increased daytime and 
nighttime frequency, in the absence of proven 
urinary infection or other obvious pathology.” 
[46] However, the ICS does reserve the diagnosis 
of IC for patients with “typical cystoscopic and 
histological features.” 

The diagnosis of IC/PBS is a diagnosis of 
exclusion, requiring a complete history, physical 
examination, appropriate cultures, and local cys- 
toscopy to rule out infectious, malignant, and 
muscular etiologies of frequency, urgency, and 
pelvic pain. 

Urodynamic evaluation typically demonstrates 
decreased bladder capacity and hypersensitivity. 
The characteristic findings on cystoscopy are 
glomerulations and Hunner ulcers. However, 
glomerulations can be seen in other disease pro- 
cesses such as radiation cystitis and carcinoma. 
Conversely, in a study by Messing et al., 8.7% of 
patients undergoing cystoscopy with hydrodis- 
tention for IC/PBS had no cystoscopic evidence 
of glomerations [47]. 

First-line treatment of IC/PBS involves dietary 
manipulation (avoidance of spicy and acidic food 
and beverages), nonprescription analgesics, and 
pelvic floor physical therapy. When these modal- 
ities fail, oral medications (amitriptyline, Elmiron, 
anti-muscarinics), intravesical treatment, or 
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hydrodistention are prescribed or performed. 
There are numerous agents used in intravesical 
treatment, depending on the institution, with 
varying levels of evidence, which is beyond the 
scope of this book. Those patients refractory to 
oral and intravesical therapy are candidates for 
more invasive and aggressive modalities such as 
neuromodulation, pain clinic consultation, and 
narcotic analgesia. Should patients not respond to 
third-line therapy, surgical intervention such as 
augmentation cystoplasty or urinary diversion 
with or without cystectomy may be necessary. 


Eosinophilic Cystitis 


Eosinophilic cystitis (EC) is a rare variant of cys- 
titis characterized by a prominent eosinophilic 
infiltrate in the bladder wall. It has been reported 
at all ages (5 days to 87 years), with 20% of cases 
occurring in children [48]. It is equally distrib- 
uted between males and females. The common 
presenting symptoms are urinary frequency, dys- 
uria, and hematuria. Based on the etiology, EC 
may be divided into two groups: one group is 
associated with allergic diseases (asthma, eosino- 
philic gastroenteritis, and eosinophilia in the 
peripheral blood) and the other group is associ- 
ated with bladder injury (transurethral resection, 
urothelial carcinoma, and benign prostatic hyper- 
plasia) [49]. While most patients in the first group 
are women and children, the majority of patients 
in the second group are elderly men. Rarely, EC 
is associated with parasitic infection. EC might 
be considered a pattern of inflammation that is 
not a specific entity as some patients with EC do 
not have a specific identifiable risk factor. 
Cystoscopy usually finds erythematous 
changes in the urothelial mucosa. Sometimes 
there may be polypoid lesions resembling poly- 
poid cystitis. Bladder biopsy is mandatory to 
establish the diagnosis of eosinophilic cystitis. In 
the acute phase, there is a prominent infiltrate of 
eosinophils in the bladder wall with edema and 
congestion (Fig. 4.6). Muscle necrosis may be 
present and is often associated with even more 
eosinophils. Popescu et al. have suggested a cri- 
terion of at least one eosinophil per high power 
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field (40x magnification) [50]. In the chronic 
phase, the eosinophilic infiltrate may not be 
prominent and often mixed with lymphocyte, 
plasma cells, and mast cells. 

The clinical manifestations of EC vary from 
mild irritative symptoms, urgency, and frequency 
dysuria to urinary retention and flank pain caused 
by an infiltrative mass causing upper tract 
obstruction [51, 52]. 

While physical exam is typically unremark- 
able, there are several case reports of patients 
presenting with lower abdominal masses [52]. 
Urinalysis is characterized by hematuria and 
pyuria, with a negative urine culture. Urine 
eosinophilia can occur, but is rare as eosinophils 
are rapidly degraded and urothelial shedding is 
minimal [52]. As with interstitial cystitis, other 
disease processes, such as carcinoma in situ, must 
be ruled out. 

Radiographic findings may also vary from 
normal to bladder and ureteral filling defects 
resulting in hydronephrosis [51-53]. Cystoscopy 
reveals erythematous and polypoid lesions that 
mimic several urothelial neoplasms, making 
biopsies mandatory for the diagnosis. 

Treatment of EC is primarily conservative. In 
patients with allergic EC, removal of the inciting 
agent and treatment with mitomycin-C and tra- 
nilast have yielded cure rates. In idiopathic cases 
of EC, antihistamines and nonsteroidals provide 
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first-line treatment. In patients that do not respond 
to first-line modalities, corticosteroids, intravesi- 
cal dimethylsulfoxide, and cyclosporine-A have 
been used [52]. In obstructing lesions, transure- 
thral resection of the lesion is required. Those 
with significant symptoms, such as gross hema- 
turia, clot retention, and/or pain, who do not 
respond to medical or transurethral resection may 
require more radical surgery, even cystectomy 
and urinary diversion [52]. 


Follicular Cystitis 


Follicular cystitis is a histologic pattern of 
inflammation that is characterized by the pres- 
ence of lymphoid follicles with germinal centers 
in the lamina propria of bladder (Fig. 4.7). It is 
usually discovered incidentally in bladder biopsy 
specimens. Cystoscopy may find small white or 
pink nodules on an erythematous urothelial 
mucosa. These lesions are more commonly seen 
in the trigone. The etiology of follicular cystitis is 
uncertain. Although it is often seen in patients 
with UTIs, follicular cystitis is also highly preva- 
lent in bladder biopsy specimens from patients 
who do not have any evidence of UTIs. While 
Marsh et al. reported follicular cystitis in 35% 
of patients with UTIs, Sarma reported that up 
to 40% of patients with bladder cancer had 
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Fig. 4.7 Follicular cystitis 
shows a hyperplastic 
lymphoid follicle with a 
germinal center in the 
lamina propria (courtesy of 
Dr. Steven Shen) 


follicular cystitis and half of these patients had 
sterile urine [54, 55]. The diagnosis of folli- 
cular cystitis is solely based on histologic exami- 
nation, and occasionally follicular lymphoma 
may be considered in the differential diagnosis. 
In difficult cases, immunophenotypic studies 
may be utilized to distinguish reactive follicles 
from a lymphoma. 

Clinically, patients present with irritative urinary 
symptoms consistent with acute cystitis and a nega- 
tive urine culture. Treatment regimens vary with 
one case report citing successful remission with 
ciprofloxacin, vitamin A, and prednisone [56]. 


Hemorrhagic Cystitis 


Hemorrhagic cystitis manifests as variable 
degrees of hematuria, ranging from microscopic 
hematuria to massive gross hematuria with clot 
retention. Blood clots irritate the bladder, lead- 
ing to urinary frequency, urgency, and dysuria. 
The etiology of hemorrhagic cystitis is varied. 
Hemorrhagic cystitis most commonly occurs in 
cancer patients who have undergone chemother- 
apy or radiation therapy, but may be associated 
with UTIs. Cyclophosphamide is the drug most 
frequently responsible for hemorrhagic cystitis. 
It was reported that approximately 8% of patients 
who were treated with cyclophosphamide devel- 
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oped hemorrhagic cystitis [57]. Occasionally, 
the hematuria may be massive and intractable, 
requiring cystectomy. Radiation-induced hemor- 
rhagic cystitis mostly commonly results from 
pelvic radiation. Hemorrhagic cystitis may 
develop acutely or months to years after therapy. 
Frequent hematuria has been reported in 0.5% of 
prostate cancer patients who undergo pelvic 
radiation [58]. 

Bladder biopsy specimens show nondescript 
hemorrhage and edema in the lamina propria 
(Fig. 4.8). The urothelium may be ulcerated and 
covered with fibropurulent exudate. Intravesical irri- 
gation with mitomycin C and thiotepa may induce 
marked cytologic atypia that may be mistaken as 
urothelial carcinoma in situ; however, the cyto- 
logic atypia is usually limited to the superficial 
urothelium and lacks significant mitotic activity [59]. 

Hemorrhagic cystitis can range from mild to 
life-threatening hematuria. First-line treatment is 
bladder irrigation to prevent clot retention and the 
formation of organized clots. Several oral agents, 
sodium pentosan polysulfate, aminocaproic acid, 
and estrogen, as well as intravesical agents includ- 
ing alum, silver nitrate, prostaglandins, and for- 
malin, have been used with varying degrees of 
success and possible side effects. If conservative 
options fail, life-saving measures may be required, 
including urinary diversion, cystectomy, or selec- 
tive embolization of the hypogastric arteries. 
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Fig. 4.8 Hemorrhagic 
cystitis shows diffuse 
hemorrhage and edema in 
the lamina propria. 
(courtesy of Dr. Steven 
Shen) 


Fig. 4.9 Postsurgical 
granuloma (necrobiotic 
type) shows acellular 
eosinophilic fibrinoid 
material associated with 
histiocytes and multi- 
nuclear giant cells 


Hyperbaric oxygen therapy—which induces cap- 
illary angiogenesis; increases fibroblast concen- 
tration; induces healing of tissue damage; and 
decreases edema, necrosis, and leukocyte 
infiltration—has shown some success in patients 
failing conservative therapies. 


Postsurgical Granulomas 


Granulomas may develop in surgical sites of the 
bladder after transurethral surgery using diather- 
mic cautery. The occurrence of postsurgical gran- 
uloma is increased with the number of surgical 
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procedures. Spagnolo and Waring reported that 
granulomas were present in 3% of patients who 
had bladder biopsy or resection, and the fre- 
quency increased to 13.6% in patients who had at 
least two surgical procedures [60]. Postsurgical 
granulomas may be either necrobiotic type or 
foreign body type [60, 61]. The necrobiotic gran- 
ulomas are typically long and narrow with acel- 
lular eosinophilic fibrinoid material in the center 
and a band of palisading histiocytes in the periph- 
ery (Fig. 4.9). The foreign body type granulomas 
have abundant epithelioid histiocytes and foreign 
body giant cells. Both types of granulomas are 
often present in the same specimen. Eventually, 
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Fig. 4.10 Radiation 
cystitis shows nests of 
urothelial cells admixed 
with fibrin deposition 
wrapping around the 
blood vessels 


the granulomas result in fibrous scars, sometimes 
with dystrophic calcification. 

Postsurgical granulomas occur as a local reac- 
tion to tissue necrosis caused by surgical proce- 
dures. Although they resemble the granulomatous 
reaction induced by mycobacteria, postsurgical 
granulomas should not be subject to extensive 
evaluation of infectious etiology nor to antimi- 
crobial therapy. 


Radiation Cystitis 


In men, about one-third of all cancers arise from 
the pelvic organs, including the prostate, rectum, 
and urinary bladder; in women, about one-fifth 
of all cancers are from this region, including the 
uterus, ovary, urinary bladder, and rectum [62]. 
Patients with cancers of the pelvic region often 
receive brachytherapy or external radiation ther- 
apy. Although radiation therapy aims to deliver 
a high dose of energy to a target pelvic organ 
carrying cancer, it often damages the urinary 
bladder due its close proximity to the other pel- 
vic organs. 

The urinary bladder shows various histologic 
responses to radiation therapy. In the early phase, 
the urothelial mucosa often develops acute 
inflammation with focal denudation of the urothe- 
lium. The remaining urothelium may show epi- 
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thelial proliferations with mild-to-moderate 
nuclear atypia. Intracytoplasmic vacuolization in 
the urothelial cells and nucleomegaly with 
smudgy degenerative chromatin are common. 
There may be hemorrhage and edema in the lam- 
ina propria. Atypical reactive fibroblasts are often 
present in the lamina propria. Blood vessels may 
develop hyalinization and thrombosis. In the late 
phase, ulcers and fibrosis may be prominent in 
the bladder wall. 

Sometimes radiation cystitis may show areas 
of epithelial proliferation mimicking an invasive 
cancer within the lamina propria [63]. A charac- 
teristic feature is the presence of pseudo-invasive 
urothelial nests wrapping around the blood ves- 
sels associated with fibrin deposition (Fig. 4.10). 
This feature is often associated with other reac- 
tive changes, such as acute inflammation, edema, 
hemorrhage, fibrin deposition, and fibrin thrombi, 
which can be helpful in distinguishing it from an 
invasive cancer. 

Radiation cystitis can occur anywhere from 6 
month to >10 years post-pelvic irradiation and is 
characterized by gross hematuria [64]. Studies 
show that 6.5% of women who received radiation 
for stage 1b cervical cancer and 3-5% of men 
receiving radiation for prostate cancer developed 
radiation-induced hemorrhagic cystitis [64]. 
Other urinary symptoms include dysuria, fre- 
quency, painful voiding, and urgency. 


4 Infection and Inflammatory Disorders 


The first-line treatment for radiation hemor- 
rhagic cystitis is bladder irrigation to prevent clot 
retention and the formation of organized clot. 
The other treatments would be the ones used for 
the treatment of hemorrhagic cystitis [64, 65]. 
The treatment for voiding symptoms includes 
anticholinergic medications. 


Chemotherapy Cystitis 


Chemotherapeutic drugs affect the urinary blad- 
der through secretion of active metabolites in the 
urine. Although most histologic changes induced 
by chemotherapy consist of mild-to-moderate 
urothelial atypia, chemotherapy may occasionally 
induce pseudocarcinomatous changes. It has been 
described previously that cyclophosphamide may 
cause transient or persistent hemorrhagic cystitis. 
Cyclophosphamide, an alkylating agent, has been 
used to treat lymphoma, leukemia, and myeloma, 
and also employed to treat non-neoplastic dis- 
eases, such as rheumatoid arthritis, systemic lupus 
erythematosus, and nephrotic syndrome. The tox- 
icity of cyclophosphamide is caused by acrolein, 
a liver metabolite [66]. The hemorrhage may be 
aggravated by thrombocytopenia, which is often 
associated with chemotherapy. Hemorrhagic cys- 
titis may occur at any time after the administra- 
tion and is related to the dose of drug. 
Intravesical topical chemotherapy has been 
used to treat urothelial carcinoma in situ and 
superficially invasive urothelial 
Chemical agents, such as triethylenethiophos- 
phoramide (thiotepa), doxorubicin, and mitomy- 
cin C, can induce denudation of the urothelial 
mucosa and inflammation. The remaining urothe- 
lium may show urothelial hyperplasia and atypia. 
Sometimes the atypia is so prominent that it may 
mimic residual urothelial carcinoma in situ [67, 68]. 
Intracytoplasmic vacuolization and prominent 
cytoplasmic eosinophilia are common post-ther- 
apy changes. However, the atypia is typically 
limited to the superficial urothelial cells and it 
also lacks robust mitotic activity, which is often 
seen in urothelial carcinoma in situ. In bladder 
biopsies taken within the first few months of ther- 
apy, the degree of morphologic overlap between 
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therapy-induced atypia and carcinoma in situ 
may preclude a definitive diagnosis. Diagnostic 
caution should be used in this setting and clinical 
follow-up is warranted before rendering a 
definitive diagnosis of carcinoma in situ in the 
acute post-therapy period. 

Chemotherapic hemorrhagic cystitis can 
present in as many as 70% of patients who 
receive cyclophosphamide without intravesicular 
2-sodium mercaptoethane sulfonate, which binds 
acrolein [69]. Hemorrhagic cystitis can occur after 
as few as one dose of cyclophosphamide [69]. 
Treatments include oral agents (sodium pentosan 
polysulfate, aminocaproic acid, and estrogen), 
intravesical agents (alum, silver nitrate, prosta- 
glandins, and formalin), intravesical clot evacua- 
tion, urinary diversion, cystectomy, and selective 
embolization of the hypogastric arteries. 


Conclusion 


Cystitis is the broad term encompassing the 
inflammatory response of the urinary bladder to 
various harmful stimuli. In this chapter cystitis 
was divided into two broad categories, infectious 
cystitis and inflammatory cystitis, based on the 
presence or absence of infectious pathogens. 
While each type of cystitis is different in its histo- 
logical features, all forms adversely affect patients. 
The key to successful treatment is based on the 
correct clinical and histological diagnosis. 
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and Staging 


Todd M. Morgan, Michael S. Cookson, 
George J. Netto, and Jonathan I. Epstein 


Epidemiology and Demographics 


In 2011, approximately 69,250 new cases of 
bladder cancer and 14,990 deaths from bladder 
cancer were predicted in the USA [1]. While 
population-adjusted incidence rates have 
remained stable for the past 35 years, bladder 
cancer remains the fifth-leading new cancer diag- 
nosis in the USA and is the fourth most common 
cancer among men. When considering the fact 
that most newly diagnosed bladder cancer is non- 
invasive, coupled with a high rate of recurrence, 
it is estimated that in the USA alone there are 
more than 500,000 patients who have been or are 
currently undergoing treatment from bladder 
cancer. Currently, one in 42 people born in the 
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USA is predicted to be diagnosed with bladder 
cancer during his or her lifetime including one 
in 26 men. Additionally, in worldwide incidence, 
bladder cancer ranks seventh among men and is 
seventeenth in women. 


Gender and Race 


The difference in bladder cancer incidence 
between men and women has been longstanding 
and persistent; [1] however, the prognosis is 
significantly worse for women than it is for men. 
In an analysis of the Surveillance, Epidemiology, 
and End Results (SEER) registry, Scosyrev et al. 
[2] found that women have a significant increased 
risk of death compared to men, even while con- 
trolling for key prognostic variables such as age, 
stage, grade, and histologic subtype. Additionally, 
women tended to be older and have higher stage 
tumors at the time of presentation. 

Although a number of studies have reported 
significant differences in presentation and sur- 
vival between men and women [3-5], the expla- 
nation for these findings is not clear. One possible 
cause is a delay in diagnosing and treating women 
with bladder cancer, and Johnson et al. have 
shown women to be 40% less likely than men to 
be referred to a urologist for hematuria [6]. 
Additionally, women are more likely to be older 
and have more advanced tumors at diagnosis, 
supporting the presence of a delay [2, 5]. However, 
in the study by Scosyrev and colleagues, differ- 
ences in key prognostic factors explained no 
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more than 30% of the increased mortality seen in 
women. This excess mortality among women 
despite multivariate adjustment suggests that 
there may be other explanations for the gender 
disparity. While differences in quality of care or 
even treatment choice may exist, there may also 
be intrinsic host factors responsible for the 
observed differences. For example, it has been 
proposed that androgens promote oncogenesis in 
bladder tissue while estrogens may have an inhib- 
itory effect. 

Bladder cancer incidence also varies by race. 
White men are approximately two times as 
likely as black men to develop bladder cancer, 
and bladder cancer occurs approximately 50% 
more frequently in white compared to black 
women [7—9]. In Hispanic Americans, the inci- 
dence is less than half that of white individuals 
[10]. Black patients with bladder cancer are 
significantly more likely than white patients to 
present with aggressive tumors: studies consis- 
tently demonstrate differences in both grade and 
stage at diagnosis [2, 11-13]. In a SEER review 
spanning nearly three decades, Lee et al. [11] 
demonstrated that black Americans presented 
with tumors of higher stage and grade than 
whites, and this trend persisted throughout the 
entire period of the study. Black patients pre- 
sented with nonlocalized bladder cancer 11% 
more frequently than white patients, and this 
phenomenon was most pronounced in women 
where the rate of regional or distant disease was 
far higher among black individuals (39% vs. 22%). 

Bladder-cancer-specific survival is significantly 
worse in black compared to white patients, even 
controlling for relevant clinical and pathological 
variables. Lee et al. [11] controlled for age, grade, 
treatment, and stage, and found that black patients 
still had a 35% greater risk of disease-specific 
mortality than whites. The 10-year disease- 
specific survival was 4.6—10.5% lower in grade- 
matched black versus white patients. Scosyrev 
et al. [2] also demonstrated significant mortality 
differences between black and white patients. 
While controlling for relevant clinicopathologic 
factors mitigated some of the disparity, the 
increased bladder cancer mortality in black 
patients still persisted. 
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Potential causes for these findings may include 
differences in access to care, differences in expo- 
sures, and/or differences in tumor biology. Lee 
and associates found that the likelihood of under- 
going treatment with curative intent was signi- 
ficantly lower in black vs. white patients [11]. 
Hollenbeck et al. [14] evaluated treatment differ- 
ences by race in a more recent subset of the SEER 
database. While some minor differences in treat- 
ment were detected, aggressive therapies were 
utilized equally in black and white patients, and 
no clear disparities in the quality of care were 
identified. Another population-based assessment 
of quality of care found a 66% greater likelihood 
of perioperative mortality in black patients and 
prolonged hospitalizations in 38% of black 
patients compared with 25% of white patients [15]. 
These findings may be primarily a function of 
hospital setting, with black individuals undergoing 
surgery at lower volume centers [16, 17]. Some 
have also speculated that genetic differences may 
explain some of the observed disparities [18]. 


Age 


Bladder cancer is primarily a disease of patients 
more than 50 years old. The median age of diag- 
nosis is 69 years in men and 71 years in women, 
and the risk of developing bladder cancer 
increases sharply with increasing age [12]. In 
men, the risk of developing bladder cancer 
between 40 and 59 years of age is only 0.41%; it 
increases to 0.96% between ages 60 and 69 and 
to 3.57% for diagnosis at age 70 or later. In 
women, there is a 0.26% probability of bladder 
cancer diagnosis between 60 and 69, compared to 
a 1.01% likelihood at 70 years or older [1]. An 
analysis of the California Cancer Registry dem- 
onstrated a peak incidence of bladder cancer in 
individuals 85 or older [19]. With the expected 
significant population growth and overall aging, 
bladder cancer is likely to become an increas- 
ingly prevalent disease [20]. 

There are many forces driving the association 
between aging and bladder cancer. Increasing age 
can allow for greater exposure to potential car- 
cinogens such as cigarettes. There is also a long 
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delay between the carcinogenic exposure and its 
clinical effect, increasing the number of years 
before the potential development of bladder can- 
cer. Additionally, age itself can lead to the accu- 
mulation of sufficient genetic and cellular events 
to result in a neoplastic process. Finally, voiding 
dysfunction in the elderly may lead to increased 
urothelial contact with urinary toxins. 

Bladder cancer prognosis is significantly 
worse with advanced age. In patients with 
superficial bladder cancer, increasing age has 
been associated with a greater likelihood of hav- 
ing a high-grade tumor [21]. Older patients are 
also more likely to suffer tumor recurrence. In 
patients who have undergone radical cystectomy, 
greater patient age is associated with higher stage 
disease and a marked decrease in cancer-specific 
survival [22, 23]. The greater mortality in the 
elderly may be due to a number of factors, includ- 
ing characteristics of the cancer itself (e.g., stage 
and grade), decreased use of neoadjuvant or adju- 
vant chemotherapy, and delays in management 
stemming from reluctance to pursue aggressive 
surgical management. While cystectomy can 
offer a significant survival benefit in the elderly 
[14], it is infrequently employed. In an analysis 
of the SEER database, only 14% of those older 
than 75 with muscle-invasive cancer underwent 
radical cystectomy, compared with 45% of those 
younger than 75 [24]. 


Risk Factors 
Smoking 


Cigarette smoking is the primary risk factor for 
bladder cancer. Up to 50% of bladder cancer in 
men and 35% of bladder cancer in women is 
attributable to cigarette smoking [25]. These 
large differences reflect the historic disparity in 
smoking rates between men and women as these 
estimates come from a large meta-analysis in 
which the average prevalence of smoking was 
43% in men and 28% in women. In the same 
meta-analysis, current male smokers were found 
to have an adjusted odds ratio of 3.18 for devel- 
oping bladder cancer, suggesting they have more 
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than three times the risk of developing bladder 
cancer than nonsmokers. The findings were 
similar in women (OR 2.90) [25]. In a prospec- 
tive study of more than 120,000 men and women 
in the Netherlands, current smokers had a 3.3- 
fold increased risk of bladder cancer compared to 
those who have never smoked [26]. The relative 
risk was 1.03 (CI 1.02—1.04) per one-year incre- 
ment of smoking duration. Furthermore, a large 
population-based study found a significant 
increase in smoking-related bladder cancer risk 
over time [27]. The odds ratio for current smok- 
ers compared to nonsmokers increased from 2.9 
to 4.2 to 5.5 over the years 1994-1998, 1998— 
2001, and 2001-2004. 

Smoking cessation significantly reduces the 
risk of bladder cancer; however, the risk does not 
appear to return to the level of never smokers. 
Individuals who stop smoking experience a 
decrease in the risk of bladder cancer of approxi- 
mately 35% after one to four years and of over 
60% after 25 years [28]. In the Netherlands study, 
while the relative risk of bladder cancer was 3.3 
in current smokers, former smokers had a relative 
risk of 2.1 compared to never smokers [26]. 
Zeegers et al. [25] found a relative risk in former 
smokers of 1.7, while it was 2.6 in a combined 
analysis of current male and female smokers. 
Importantly, patients with non-muscle-invasive 
bladder cancer (NMIBC) who stop smoking may 
experience a decrease in their risk of recurrence. 
Fleshner et al. [29] demonstrated a 40% increased 
risk of recurrence for current smokers over ex- 
smokers (those quitting prior to their diagnosis), 
and the risk of recurrence was nearly 30% lower 
for those stopping at the time of diagnosis com- 
pared to continued smokers [30]. In another study 
of 265 patients with NMIBC, continued smokers 
had a 2.2-fold greater risk of recurrence than 
nonsmokers after controlling for relevant clinico- 
pathologic variables. These data underscore the 
need for smoking cessation counseling by those 
caring for patients with bladder cancer [31-33]. 

The biologic mechanism responsible for the 
association between cigarette smoking and 
urothelial cancer has not been clearly delineated. 
A number of candidate carcinogenic compounds 
are present in cigarette smoke. Most of these are 
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aromatic amines, including 2-naphthylamine, 
4-aminobiphenyl, benzidine, and 4-chloro-ortho- 
toluidine [34-36]. Host interactions may play an 
important role, with some studies demonstrating 
that individuals with specific genetic polymor- 
phisms are more susceptible to bladder cancer 
when exposed to cigarette smoke [37-39]. One 
enzyme of particular interest is N-acetyltransferase 
2 (NAT2), an acetylating enzyme important in 
the detoxification of aromatic amines. In com- 
parison to the more common intermediate- or 
rapid-acetylation genotypes, patients with the 
NATZ2 slow-acetylation genotype appear to have 
a significantly increased risk of bladder cancer in 
the setting of cigarette use [40]. 

Due to exposure to compounds similar to those 
found in cigarettes, certain occupations have been 
associated with an increased incidence of bladder 
cancer. Aniline dyes, used in the textile industry, 
were first identified as a bladder carcinogen well 
over 100 years ago [41]. The carcinogenic com- 
pounds in these dyes are aromatic amines that are 
also found around painters, hairdressers, and 
individuals working in the rubber industry [42]. 
Individuals working in aluminum production, 
roofing, and coal gasification are all at increased 
risk of bladder cancer, stemming from exposure 
to polycyclic aromatic hydrocarbons [43]. 


Other Risk Factors 


There are a number of other important risk fac- 
tors for bladder cancer. Phenacetin-containing 
analgesics confer an increased risk of urothelial 
cancer [44, 45], although no association has been 
found with other analgesics [46, 47]. The chemo- 
therapeutic agent cyclophosphamide confers a 
significant risk of bladder cancer, exerting a 
dose-dependent effect that increases the risk of 
bladder cancer up to 14-fold [48, 49]. The carci- 
nogenic chemical, acrolein, is a urinary metabo- 
lite of cyclophosphamide. Oral administration of 
2-mercaptoethanesulfonic acid (mesna) inacti- 
vates acrolein in the genitourinary tract, provid- 
ing a uroprotective effect. Coffee and tea have 
both long been proposed as potential bladder car- 
cinogens; however, studies have been inconsis- 
tent and any potential increased risk may be 
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limited to men drinking at least seven cups of 
coffee per day [50, 51]. 

Other risk factors include catheter- or stone- 
induced chronic cystitis and Schistosoma haemato- 
biumcystitis—classically associated with squamous 
cell carcinoma of the bladder [52, 53]. Patients who 
have received pelvic radiation for ovarian, cervical, 
or prostate cancer are all at an increased risk of 
developing bladder cancer [54-56]. Additionally, 
patients with a family history of bladder cancer 
have a significantly elevated risk of developing the 
disease. First-degree relatives of patients with blad- 
der cancer have up to an 80% increased risk of 
bladder cancer [57-59]. 


Diagnosis 
Cystoscopy 


Hematuria is the most common presenting symp- 
tom in patients with bladder cancer, and it may 
be either intermittent or continuous. However, 
patients with asymptomatic microhematuria also 
require thorough evaluation when three or more 
red blood cells per high-power field are present 
in two of three urinalysis specimens [60, 61]. 
In addition to a careful history and physical exam, 
all patients with gross or microscopic hematuria 
require cystoscopic examination—the gold stan- 
dard for the diagnosis of bladder cancer. Bladder 
cancer may also present with irritative voiding 
symptoms, such as urinary frequency and 
urgency; however, these are typically associated 
with microhematuria in the setting of a urothelial 
malignancy. 

While white light cystoscopy is the current 
standard in the diagnosis of bladder cancer, a num- 
ber of techniques have been studied to improve the 
ability to visualize these tumors. Fluorescence 
cystoscopy has greater sensitivity than white light 
cystoscopy, but this has not yet translated into 
decreased progression rates or improved survival 
[62, 63]. Newer technologies are under develop- 
ment that may improve the precision of identify- 
ing bladder tumors while also providing real-time 
pathologic information. Optical coherence tomog- 
raphy (OCT) allows cross-sectional imaging of 
bladder tissue using a small probe, potentially 
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allowing identification of bladder tumors while 
also showing their depth of invasion [64]. When 
coupled to fluorescence cystoscopy, OCT demon- 
strated a sensitivity of 97.5% and a specificity of 
97.9% for the identification of malignant bladder 
lesions [65]. Another technique, confocal laser 
endomicroscopy, utilizes a 2.6-mm probe to show 
some degree of cellular architecture and could 
potentially allow immediate differentiation 
between normal urothelium, low-grade tumors, 
and high-grade tumors [66]. However, further 
improvements in image quality will likely be nec- 
essary before this technology can be utilized in the 
management of patients with bladder cancer. 


Imaging 


The initial evaluation of a patient with hematuria 
also includes evaluation of the upper urinary 
tracts. Computed tomography (CT) with and 
without contrast has become the imaging modal- 
ity of choice for detecting any abnormalities in 
the kidneys or ureters. Noncontrast CT will dem- 
onstrate most urinary tract stones, and CT urog- 
raphy allows detection of upper urinary tract 
lesions. These typically appear as filling defects 
and may be associated with hydronephrosis when 
present in the ureter [67]. In addition, CT allows 
assessment of any renal parenchymal lesions and 
provides cross-sectional imaging for potential 
nodal and distant metastases. Magnetic resonance 
(MR) urography has been studied as an alterna- 
tive to CT urography. However, because MR 
urography requires gadolinium and is generally 
inferior to CT urography, its use is typically 
restricted to those with allergies to iodine-based 
contrast agents [67, 68]. In general, patients with 
renal insufficiency may be imaged by ultrasound 
and retrograde pyelography [69]. Retrograde 
pyelography should also be performed when the 
upper tracts are not adequately visualized on CT. 


Cytology 
Urinary cytology is another critical component of 


the bladder cancer evaluation, although it is not 
very sensitive for the detection of low-grade 
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papillary urothelial neoplasms. Since the large 
majority of urothelial carcinomas are lowgrade, it 
drives down the overall sensitivity of the test. 
However, urinary cytology has good sensitivity 
for the detection of high-grade urothelial carci- 
noma, such that the test’s main role is in the diag- 
nosis and follow-up of high-grade urothelial 
carcinoma (carcinoma in situ or papillary) [70]. 

Voided urine samples should come from the 
second morning midstream urine specimen after 
hydration, which, if collected over three consecu- 
tive days, optimizes the detection of urothelial 
malignancies [71]. Urine obtained through cath- 
eterization of the bladder is more cellular and can 
induce a false-positive diagnosis, and urologists 
should therefore note on a cytology specimen if it 
is voided or instrumented. 

Papillomas and papillary urothelial neoplasms 
of low malignant potential (PUNLMP) cannot be 
reliably diagnosed by cytology since these lesions 
are cytologically identical to normal urothelial 
cells [72]. Low-grade papillary urothelial carci- 
nomas are heterogeneous in urine specimens with 
the presence of small and large clusters of urothe- 
lial cells with enlarged nuclei, slightly higher 
nuclear to cytoplasmic ratios and a small nucleo- 
lus [73-75]. The changes seen in low-grade pap- 
illary urothelial carcinoma can be hard to 
distinguish from those seen due to lithiasis, 
inflammation, or even instrumentation. High- 
grade papillary urothelial carcinoma cytology 
specimens contain clusters and single markedly 
atypical cells with pleomorphic nuclei, coarse 
chromatin, and, frequently, prominent nucleoli. 
Invasion cannot be reproducibly diagnosed [75, 
76]. Urine cytology represents a major tool in the 
diagnosis of carcinoma in situ (CIS) since cystos- 
copy has a lower sensitivity due to several factors, 
including denudation of the urothelium. The 
voided specimens from cases with CIS contain a 
population of atypical cells of intermediate size 
that are present mostly as single cells, although 
clusters and large pleomorphic cells might be 
present. The nuclear to cytoplasmic ratio is high 
and the cytoplasm is dense (Fig. 5.1). Treatment 
effect in patients receiving intravesical Bacillus 
Calmette-Guérin (BCG) or chemotherapy can 
lead to a false-positive diagnosis. Urine cytology 
will be discussed in greater detail in Chap. 16. 
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Fig. 5.1 CIS consisting of 
markedly atypical cells 
with hyperchromatic 
angulated nuclei, coarse 
chromatin pattern, irregular 
nuclear contours and 
occasional prominent 
nucleoli, and increased 
nuclear to cytoplasmic 
ratio 


ete 


Transurethral Resection 


The central component in the diagnosis of bladder 
carcinoma is transurethral resection (TUR). 
Ideally, TUR involves resection of all visible 
tumors in the bladder and/or urethra. This is criti- 
cal from both a therapeutic and a diagnostic stand- 
point, as staging and grading accuracy are essential 
to determining the course of additional treatment. 
In order to facilitate accurate pathological evalua- 
tion, it is important to minimize the use of coagu- 
lation, include muscularis propria in the tumor 
specimen, and carefully handle the resected tis- 
sue. Following these basic principles will help 
eliminate artifacts within the specimen and 
significantly improve the ability to correctly iden- 
tify the stage and grade of the tumor [77, 78]. 

In order to determine whether patients with 
pTa or pT1 bladder tumors have unrecognized 
CIS, random bladder biopsies from normal- 
appearing urothelium may be obtained. CIS can 
be found in approximately 15% of these patients 
[79], and, in a nonrandomized study, Thorstenson 
et al. [80] showed that patients who underwent 
random bladder biopsy were significantly more 
likely to receive intravesical BCG and to undergo 
radical cystectomy. Patients who did not undergo 
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random biopsies were found to have a significantly 
greater risk of disease-specific mortality. 
However, some have suggested that urothelial 
injury from these biopsies may increase the like- 
lihood of tumor implantation and therefore recur- 
rence [81, 82]. The 2008 European Association 
of Urology (EAU) guidelines on NMIBC cancer 
note the low likelihood of detecting CIS in 
patients with low-risk tumors and suggest that the 
random biopsy result will not alter the choice of 
adjuvant treatment patients with higher risk 
tumors [83, 84]. These guidelines recommend 
that random biopsies be obtained only in the set- 
ting of an abnormal urinary cytology or a non- 
papillary exophytic tumor. Thus, while not 
routinely performed in all patients, the role of 
random bladder biopsies remains somewhat con- 
troversial but may be of benefit in those patients 
with high-risk features and/or those suspected of 
harboring carcinoma in situ. 


Pathology 
Currently, there is convincing evidence that non- 


invasive low-grade papillary tumors (PUNLMP 
and low-grade urothelial carcinoma) on the one 
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hand and flat urothelial CIS and invasive high- 
grade urothelial carcinoma on the other hand fol- 
low two relatively distinct oncogenic pathways. 
These molecular differences are not totally sur- 
prising given the stark differences in the natural 
history and clinical behavior of the two groups of 
neoplasms. Noninvasive low-grade papillary 
urothelial tumors are characterized by the fre- 
quent presence of alterations in the receptor 
tyrosine kinase (RTK)-Ras pathways. Structural 
and functional alterations in tumor suppressor 
genes p53 and RB are implicated in the develop- 
ment and progression of CIS and high-grade 
invasive urothelial carcinoma. 

The majority of urothelial tumors (60-70%) 
present as noninvasive (pTa) tumors at time of 
first diagnosis. Of these, 50% will recur as nonin- 
vasive tumors and only 5-10% will progress. 
Muscle-invasive high-grade urothelial carcinoma 
represents 20-30% of all bladder cancers. It is 
estimated that 15% of muscle-invasive urothelial 
carcinomas have a history of prior superficial 
urothelial carcinoma while the remaining 
80-90% are “primary” muscle-invasive urothe- 
lial carcinoma. 

The combined World Health Organization and 
International Society of Urologic Pathology 
(WHO/ISUP) grading system has gained wider 
use since its introduction in 1998 [85]. The sys- 
tem classifies noninvasive urothelial neoplasms 
into the following five categories: 

e Urothelial papilloma: lowest risk of recur- 
rence and no progression 

e PUNLMP: 35% (25-47%) risk of recurrence, 
virtually no progression 

e Noninvasive low-grade papillary urothelial 
carcinoma: 50% (30-76%) recurrence rate, 

10% progress 
e Noninvasive high-grade papillary urothelial 

carcinoma: most frequent recurrence rate 

(50-69%), 25-65% progress 
e Urothelial carcinoma in situ (CIS): almost 

similar rates as high-grade papillary urothelial 

carcinoma in terms of recurrence rates and 
progression 

Invasive carcinomas of the bladder are pre- 
dominantly of urothelial histology (90%) with 
less frequent tumors being of pure epidermoid 
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squamous (squamous cell carcinoma: 4%), pure 
glandular (adenocarcinoma: 2%), or small cell 
differentiation (small cell carcinoma: 1%). A his- 
tologic mixture of all previous types may exist in 
a given lesion. 

Invasive urothelial carcinomas of the bladder 
should be considered for all practical purposes as 
high-grade tumors based on their cytologic mor- 
phology with the exception of a rare subtype 
(nested variant) that may display a low-grade 
cytology that betrays its aggressive behavior. 
Other rare subtypes of urothelial carcinoma 
include undifferentiated large cell, osteoclast cell 
like, lymphoepithelial cell like, and sarcomatoid 
(carcinosarcoma) (see Chap. 7 for further details). 
Regardless of histologic type, bladder tumors are 
staged in an identical fashion using the 2010 
pI'NM staging scheme. 


Grading 


In 1973, the WHO system proposed that tumors 
be categorized into benign urothelial papillomas 
and three grades of carcinoma (grades 1, 2, and 3) 
[86, 87]. A major limitation of the WHO (1973) 
grading system was its vague definition of the 
various grades and its lack of specific histologic 
criteria. In 1998, members of WHO and ISUP 
published the WHO/ISUP consensus classification 
of urothelial (transitional cell) neoplasms of the 
urinary bladder, which is the currently recom- 
mended system by WHO [85]. This new 
classification system arose out of the need to 
develop a more detailed classification system for 
bladder neoplasia and because many of the 
tumors classified as “transitional cell carcinoma, 
grade 1” had no potential for malignant behavior 
once completely excised. 

A major misconception in the application of 
the WHO/ISUP classification is that there is a 
one-to-one translation between it and the WHO 
(1973) classification system (Fig. 5.2). Only at 
the extremes of grades in the WHO (1973) 
classification does this one-to-one correlation 
hold true. Lesions called papilloma in the WHO 
(1973) classification system are also called pap- 
illoma in the WHO/ISUP system and lesions 
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WHO 1973 
Papilloma CA, Grade | CA, Grade II CA, Grade Ill 
Papilloma PUNLMP CA, Low CA, High 


WHOI/ISUP 2004 


Fig. 5.2 Comparison of the WHO (1973) classification with the WHO/ISUP (2004) classification system for grading 


urothelial tumors 


called WHO (1973) grade 3 are by definition 
high-grade carcinoma in the WHO/ISUP system. 
WHO (1973) grade 1 tumors may be either 
PUNLMP or low-grade urothelial carcinoma 
depending on their morphology. WHO (1973) 
system grade 2 tumors represent either WHO/ 
ISUP papillary urothelial low-grade carcinoma 
or high-grade carcinoma. In the old WHO (1973) 
system, a large percentage of patients with non- 
invasive papillary urothelial carcinomas were 
called grade 2, an ambiguous group that the urol- 
ogists did not know how to treat. In the WHO/ 
ISUP grading system, these grade 2 tumors can 
be segregated roughly equally into low- and 
high-grade cancers with correspondingly low 
and high risks of progression [88—90]. When 
WHO (1973) grade 2 tumors are reclassified as 
high-grade tumors, they show molecular aberra- 
tions usually associated with cancers of higher 
grade and poor outcome, further supporting that 
WHO (1973) grade 2 tumors form a heteroge- 
neous group that can be subdivided into low-and 
high-grade cancer [91]. 

There have been several studies comparing 
WHO (1973) and the current WHO/ISUP system. 
Most have demonstrated a superiority of WHO/ 
ISUP in predicting recurrence and progression or 
interobserver reproducibility [88, 92-95]. Others 
have reported no difference in interobserver 
reproducibility of WHO/ISUP compared to WHO 
(1973), although in some of these works the 
WHO/ISUP grade was merely translated from 


the WHO (1973) grade, which as described ear- 
lier is inaccurate [96—98]. In another study com- 
paring the two grading systems, there was no 
difference in survival; yet, one would not expect 
a difference in survival as the vast majority of 
papillary urothelial neoplasms do not result in the 
death of the patient. The more appropriate end- 
points to evaluate are either progression (in grade 
or stage) or recurrence [99]. 


Papilloma 


The WHO/ISUP system has very restrictive his- 
tologic features for the diagnosis of papilloma, 
requiring papillary fronds to be lined by normal- 
appearing urothelium (Table 5.1 and Fig. 5.3). 
Most papillomas present as single lesions that are 
relatively small; however, multifocal tumors and 
larger lesions may be seen. 

Papillomas are rare and typically, but not 
exclusively, occur in younger patients. Papillomas 
may occur in association with a prior or concur- 
rent history of other urothelial tumors. If a papil- 
loma is the first manifestation of urothelial 
neoplasia, only about 7-8% recur, typically within 
5 years of the initial diagnosis [98, 100-103]. 
Lesions typically recur as papilloma and, less 
commonly, as PUNLMP or noninvasive low- 
grade papillary urothelial carcinoma. Of the three 
largest series on papillomas totaling 112 patients, 
only one patient experienced stage progression; 
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Table 5.1 Histologic features of papillary urothelial lesions 
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Papillary neoplasm 
of low malignant Low-grade papillary High-grade papillary 
Papilloma potential carcinoma carcinoma 
Architecture Delicate Delicate; occasion- Fused; branching; delicate Fused; branching; delicate 
papillae ally fused 
Organization Identical to Polarity identical to Predominantly ordered, Predominantly disordered 
of cells normal normal; any yet minimal crowding and with frequent loss of 
thickness; cohesive minimal loss of polarity; polarity; any thickness; 
any thickness; cohesive often discohesive 
Cytology Identical to May be uniformly Enlarged with variation in Enlarged with variation in 
nuclear size normal enlarged size size 
Nuclear shape Identical to Elongated; Round-oval; slight Moderate-marked 
normal round-oval; uniform variation in shape and pleomorphism 
contour 
Nuclear Fine Fine Mild variation within and = Moderate-marked variation 
chromatin between cells within and between cells 
with hyperchromasia 
Nucleoli Absent Absent to Usually inconspicuous* Multiple prominent 
inconspicuous nucleoli may be present 
Mitoses Absent Rare; basal Occasional, at any level Usually frequent, at any 
level; may be atypical 
Umbrella cells Uniformly Present Usually present May be present 
present 


Reprinted with permission from Epstein JI, Amin MB, Reuter VE. Bladder biopsy interpretation (chapter 3). 2nd edn. 
Philadelphia: Lippincott Williams & Wilkins; 2010 
“If present, small and regular and not accompanied by other features of high-grade carcinoma 


Fig. 5.3 Urothelial 


papilloma 


Papillary Urothelial Neoplasm 
of Low Malignant Potential 


invasive urothelial carcinoma was found extend- 
ing out of the bladder 4 years after the diagnosis 
of papilloma [100, 101, 103]. A caveat to this 
exceptional case is that the patient was immuno- 
suppressed following renal transplantation. 


PUNLMPs at low power differ from papillomas 
by having thicker urothelium. At most, nuclei 
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Fig. 5.4 Papillary 
urothelial neoplasm 
of low malignant potential 


T.M. Morgan et al. 


Table 5.2 Risk of recurrence according to grade of papillary neoplasm 


Author Papilloma (%)  PUNLMP (%) 
Magi-Galuzzi [16] 18 

McKenney [17] 14 

Cheng [19] 10 

Herr [18] 31 52 
Oosterhius [14] 14 32 
Fujii [26] 60 
Campbell [22] 25 
Desai [23] 33 
Holmang [24] 35 
Ramos [12] 62 
Pich [11] 47 
Alsheikh [21] 25 


Low-grade carcinoma (%) High-grade carcinoma (%) 


12 
34 43 
75 67 
64 56 
71 73 
65 
78 
48 


Reprinted with permission from Epstein JI, Amin MB, Reuter VE. Bladder biopsy interpretation (chapter 3). 2nd edn. 


Philadelphia: Lippincott Williams & Wilkins; 2010 


are slightly enlarged and more crowded relative 
to those in normal urothelial nuclei (Table 5.1 
and Fig. 5.4). The chromatin is uniformly even 
without the scattered hyperchromatic nuclei 
seen in low-grade papillary carcinoma. Mitoses 
are exceedingly rare and usually limited to the 
basal layer. 

A few studies have demonstrated a low level of 
agreement in the histological distinction between 
PUNLMP and low-grade carcinoma or have failed 
to show a difference in prognosis between the two 
entities [93, 96, 98, 104]. However, a much larger 


number of studies have demonstrated that 
PUNLMP have a lower risk of recurrence than 
low-grade urothelial carcinoma (Table 5.2) [89, 
95, 102, 105-109]. In addition, whereas a small 
percentage of noninvasive low-grade papillary 
urothelial carcinomas progress either to invasive 
carcinoma or to high-grade noninvasive papillary 
carcinoma, the majority of studies have reported 
that PUNLMPs do not progress either in stage or 
grade (Table 5.3) [95, 102, 105, 107, 109, 110]. 
Having a category of PUNLMP avoids labeling a 
patient as having cancer, which has psychosocial 
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Table 5.3 Risk of progression’ according to grade of papillary neoplasm 


Author 
Magi-Galuzzi [16] 
McKenney [17] 
Cheng [19] 
Samaratunga [5] 
Oosterhius [14] 
Campbell [22] 
Desai [23] 
Holmang [24] 
Fujii [26] 0 


(%) PUNLMP (%) 


o;onocoo 


ooowNn 


Low-grade carcinoma (%) 


High-grade carcinoma (%) 


10 35 
4 8 
4 22 
3 8 
4 23 


Reprinted with permission from Epstein JI, Amin MB, Reuter VE. Bladder biopsy interpretation (chapter 3). 2nd edn. 


Philadelphia: Lippincott Williams & Wilkins; 2010 


“Progression defined as recurrence with high-grade or invasive cancer 


Fig. 5.5 Noninvasive 
low-grade papillary 
urothelial carcinoma 


and financial (e.g., insurance) implications, but 
neither is a benign lesion (e.g., papilloma) diag- 
nosed, so the patient will be adequately followed. 
PUNLMP is especially useful as a diagnosis for 
the younger patient with a newly diagnosed non- 
invasive papillary tumor that does not fulfill the 
criteria of papilloma but is still very low grade 
[111]. Some investigators have proposed that 
patients with PUNLMP may be submitted to 
fewer follow-up cystoscopies if there are few 
lesions and no recurrences are seen during the ini- 
tial surveillance period. 


Low-Grade Papillary Carcinoma 


Low-grade papillary urothelial carcinoma 
exhibits an overall orderly appearance (i.e., 
maintains polarity) but has minimal variability 
in nuclear size, shape, and chromatin texture 
(Table 5.1 and Figure 5.5). Although mitoses 
may be seen at any level of the urothelium, they 
are usually limited to the lower half and are 
relatively infrequent. Scattered hyperchromatic 
nuclei and scattered “typical” mitotic figures 
best distinguish this lesion from PUNLMP. 
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Fig.5.6 Noninvasive 
high-grade papillary 
urothelial carcinoma 


Occasionally one sees similar cytologic features 
in thickened urothelium adjacent to a papillary 
neoplasm. 


High-Grade Papillary Carcinoma 


High-grade papillary urothelial carcinomas are 
characterized by a disorderly appearance result- 
ing from marked architectural and cytologic 
abnormalities, for the most part recognizable at 
low magnification (Fig. 5.6). Architecturally, 
high-grade papillary urothelial carcinomas are 
irregularly oriented and disorganized (Table 5.1). 
Cellular pleomorphism ranges from moderate to 
marked. The nuclear chromatin tends to be 
clumped and nucleoli may be prominent and 
irregular; occasionally, multiple nucleoli and 
nucleolar pleomorphism may be present. Mitotic 
figures, including atypical forms, may be fre- 
quently seen at all levels of the urothelium. As 
with CIS, high-grade papillary urothelial carci- 
nomas are more likely than lower grade papillary 
neoplasms to have dyscohesive cells and some 
denudation. 

A single papillary urothelial neoplasm may 
occasionally contain a mixture of both low- and 
high-grade morphology. These tumors should be 
graded according to the highest grade, although 
current practice is to note minor components 
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(<5%) of high-grade tumor, but still grade the 
tumor as low grade [87]. In order to account for 
different grades within a given tumor, a combined 
grading system has been proposed adding the pri- 
mary (most common) and secondary (second 
most common) grade of bladder cancer, regard- 
less of extent, analogous to the Gleason grading 
for prostate cancer [88, 112, 113]. 

Although a combined grading system for pap- 
illary urothelial carcinoma appears to improve 
prediction of prognosis, further studies are needed 
before this system can be recommended for rou- 
tine clinical practice. Given the inherent prob- 
lems of interobserver reproducibility the authors 
doubt this approach will become standard of 
practice in the foreseeable future. 

It is recognized that high-grade cancer has a 
spectrum of atypia with some cases showing 
marked anaplasia and that cases with marked 
anaplasia have a worse prognosis than other high 
grade cancers [88, 108]. The major argument 
against subdividing high-grade cancers is that 
high-grade noninvasive papillary cancers with 
marked anaplasia comprise only a small percent- 
age of noninvasive papillary cancers. In 
Holmang’s study of the 363 noninvasive papillary 
carcinomas, only 13 (3.6%) were classified as 
WHO (1973) grade 3, compared with 28% of the 
cases classified as high-grade carcinoma by the 
WHOA/ISUP system [24]. These data are similar 
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to those from Hopkins where only 4.5% of nonin- 
vasive papillary tumors were WHO (1973) grade 
3 compared with 21.6% classified as WHO/ISUP 
high-grade [89]. There are so few WHO (1973) 
grade 3 noninvasive papillary carcinomas because 
most cases of WHO (1973) grade 3 are aggressive 
tumors in which there is already coexisting inva- 
sive cancer. Because patients with high-grade 
noninvasive papillary carcinoma are not treated 
with definitive therapy (e.g., cystectomy), the goal 
should not be to restrict the high-risk group to a 
small population but to expand it to be more inclu- 
sive of all patients at significant risk of progres- 
sion so that they can be monitored closely and 
treated earlier in the course of the disease. 


Conclusions 


The WHO/ISUP system has the following benefits: 

1. Establishment of uniform terminology and 
common definitions for papillary neoplasms. 

2. Establishment of detailed criteria of various 
preneoplastic conditions and various grades of 
tumor. 

3. Correlation with urine cytology terminology, 
facilitating cytohistologic correlation and mak- 
ing it easier for urologists to manage patients. 

4. Creation of a category of tumor that identifies 
a tumor with a negligible risk of progression 
(PUNLMP), whereby patients avoid the label 
of having cancer, which has psychosocial and 
financial implications. Neither is a benign 
lesion diagnosed in these patients, so they may 
still be followed up closely. 

5. Approximately half the cases occurring in 
young patients are now diagnosed as PUNLMP 
instead of TCC grade 1, obviating a carcinoma 
diagnosis in patients with biologically indo- 
lent tumors and in keeping with their stable 
molecular profile. 

6. Identification of a distinct group of patients 
(high-grade papillary urothelial carcinoma) 
who would be ideal candidates for intravesical 
therapy. 

7. Identification of a larger group of patients at 
high risk for progression for urologists to fol- 
low up more closely. 
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8. Removal of ambiguity in diagnostic catego- 
ries in WHO 1973 system (e.g., TCC grade 
I-II, TCC grade H-II). 

9. Stratification of bladder tumors into prognos- 
tically significant categories. 


Bladder Staging 


The main staging system in bladder cancer is the 
joint International Union Against Cancer (UICC) 
and the American Joint Committee on Cancer 
(AJCC) system. The 2010 UICC-AJCC staging 
system is given in Table 5.4, and has been 
modified from the prior 2002 staging system 
[114]. As before, noninvasive papillary tumors 
are classified as stage Ta, and tumors invading the 
lamina propria are classified as stage T1. T2 
tumors are those invading into the muscularis 
propria, and T3 invade into the perivesical fat. 
Tumors invading the pelvic viscera such as the 
prostate continue to be classified as T4; however, 
this now includes only prostatic stromal invasion 
and not subepithelial invasion of the prostatic 
urethra. pT4 is gross macroscopic invasion 
extending from the bladder wall into the prostate. 
Invasion arising from CIS or a papillary CA in 
the urethra is not pT4. 

The classification of regional lymph node dis- 
ease in the 2010 system has been altered from the 
previous version and no longer relies on size of 
lymph node involvement. Patients with N1 dis- 
ease are those with a single positive node in the 
primary drainage regions of the bladder—the 
hypogastric, obturator, internal iliac, external 
iliac, perivesical, sacral, and presacral lymph 
nodes. Patients with multiple positive nodes in the 
primary drainage regions are classified as having 
N2 disease. The common iliac lymph nodes are 
considered secondary drainage regions in the cur- 
rent staging system, and tumors involving these 
lymph nodes are classified as N3. Laterality is not 
a factor in lymph node staging. Patients with dis- 
ease beyond the regional lymph nodes, such as 
lung, bone, and retroperitoneal lymph nodes, are 
classified as stage M1. Patients are considered Nx 
or Mx if the status of their lymph nodes or distant 
sites has not been determined. 
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Table 5.4 TNM staging system for bladder cancer 


Definitions of TNM 
Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Noninvasive papillary carcinoma 

Tis Carcinoma in situ: “flat tumor” 

T1 Tumor invades subepithelial connective tissue 

T2 Tumor invades muscularis propria 

pT2a Tumor invades superficial muscularis propria (inner half) 

pT2b Tumor invades deep muscularis propria (outer half) 

T3 Tumor invades perivesical tissue 

pT3a Microscopically 

pT3b Macroscopically (extravesical mass) 

T4 Tumor invades any of the following: prostatic stroma, seminal vesicles, 
uterus, vagina, pelvic wall, abdominal wall 

T4a Tumor invades prostatic stroma, uterus, vagina 

T4b Tumor invades pelvic wall, abdominal wall 


Regional lymph nodes (N) 


Regional lymph nodes include both primary and secondary drainage regions. All other nodes above 
the aortic bifurcation are considered distant lymph nodes. 


NX Lymph nodes cannot be assessed 

NO No lymph node metastasis 

N1 Single regional lymph node metastasis in the true pelvis (hypogastric, 
obturator, external iliac, or presacral lymph node) 

N2 Multiple regional lymph node metastasis in the true pelvis (hypogastric, 
obturator, external iliac, or presacral lymph node metastasis) 

N3 Lymph node metastasis to the common iliac lymph nodes 

Distant metastasis (M) 

MO No distant metastasis 

M1 Distant metastasis 


Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The 
original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010) published 
by Springer-Verlag New York, http:\\www.springer.com 


The initial assessment of tumor depth is made 
with TUR and bimanual exam under anesthesia. 
TUR should include resection of muscularis pro- 
pria; [78] accurate discrimination between T1 
and T2 tumors dictates initial management, and 
understaging of T1 lesions in the absence of mus- 
cularis propria may be as high as 62% [115]. 
Re-resection of T1 tumors is recommended by 
most guidelines when no muscle is present in the 
specimen. However, most experts recommend 
repeat resection for all patients with T1 tumors in 
whom bladder conservation is being considered 
[116]. This allows for improved detection of 


occult muscle invasive disease, and also ensures 
that all T1 disease has been resected prior to ini- 
tiation of intravesical therapy. 


Pathologic Staging 


Pathologically, T1 disease is not a uniform entity. 
The region between the urothelium and the mus- 
cularis propria is divided by a thin layer of smooth 
muscle fibers (muscularis mucosae) [117]. 
Occasionally, muscularis mucosae bundles 
undergo hypertrophy, and in such situations the 
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Fig. 5.7 Urothelial 
carcinoma with lamina 
propria invasion 


distinction between muscularis mucosae and 
muscularis propria (detrusor muscle) may be 
difficult, especially in biopsy or TURBT speci- 
mens. There are several different types of lamina 
propria invasion: (1) CIS with invasion, (2) papil- 
lary urothelial carcinoma with invasion into stalk, 
and (3) invasion into underlying lamina propria 
at the base of a papillary neoplasm (Fig. 5.7). 
Diagnosis of lamina propria invasion in TURBT 
specimens is often difficult due to (1) tangential 
sectioning and poor orientation, (2) thermal 
injury, (3) obscuring inflammation, (4) CIS 
involving von Brunn nests, and (5) muscle inva- 
sion indeterminate for type of muscle. Due to the 
reasons described previously, it may be difficult 
to distinguish between hypertrophic muscularis 
mucosae or muscularis propria bundles, and the 
pathologist is unable to determine whether the 
muscle involved belongs to the muscularis muco- 
sae or the muscularis propria. It is recommended 
that, when faced with this situation, pathologists 
should clearly state their uncertainty in establish- 
ing the depth of invasion. Smoothelin, a novel 
smooth muscle-specific contractile protein 
expressed only by fully differentiated smooth 
muscle cells and not by proliferative or noncon- 
tractile smooth muscle cells and myofibroblasts, 
has potential diagnostic utility in the distinction 
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of muscularis mucosae from muscularis propria, 
yet in the hands of the authors there is too much 
overlap to be reliably used for diagnostic pur- 
poses [118]. 

Several studies have evaluated the issue of 
substaging T1 urothelial carcinomas using the 
muscularis mucosae as an anatomic landmark to 
assess the depth of invasion (tumors above or into 
muscularis mucosae are Tla; tumors invasive 
below are T1b) [119-121]. However, either mus- 
cularis mucosae or large vessels that are a substi- 
tute for muscularis mucosae are only present in 
about 50% of TUR specimens. Others have used 
the depth of invasion in millimeters from the 
basement membrane [122]. Although deep lam- 
ina propria invasion identifies a subset of patients 
with T1 disease with a more adverse prognosis, at 
this point substaging of T1 tumors is not standard 
practice because there is no consistently applica- 
ble and reproducible method. Nevertheless, in 
cases with T1 disease, pathologists should make 
some attempt to convey in their report the extent 
of lamina propria invasion even if it is with sub- 
jective terms such as “focal” versus “extensive.” 
In cases of T1 disease, pathologists should always 
note whether muscularis propria is present. In the 
absence of muscularis propria, additional tissue 
sampling is recommended. 
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Fig. 5.8 Muscularis 
propria invasion by 
urothelial carcinoma 


In patients with muscle invasion, clinical 
assessment of the depth of tumor invasion is 
challenging. Because TURBT specimens lack 
orientation with respect to bladder anatomy, 
pathological substaging of T2 disease should be 
performed in cystectomy specimens alone. Also, 
because there is often abundant adipose tissue 
between muscularis propria bundles, the pres- 
ence of tumor in adipose tissue in a TURBT 
specimen does not necessarily equate to perives- 
ical fat involvement [123]. Hence, pathologic 
staging in TURBT specimens is limited to 
whether the tumor is Ta, T1, or T2 (Fig. 5.8). 
The distinction between T2a, T2b, and pT3 can- 
cer is, hence, performed in cystectomy speci- 
mens alone. 


Imaging 


Imaging of the bladder to help stage the primary 
tumor has limited value. Overall, the sensitivity 
of CT in detecting bladder cancer ranges from 79 
to 89.7% with a specificity of 91-94.7% [124, 
125]. However, the accuracy of CT in staging 
invasive bladder cancers is approximately 55%. 
Given that CT cannot accurately distinguish 
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organ-confined from non-organ-confined disease, 
it is rarely utilized for this purpose [126, 127]. 
While techniques such as instillation of contrast 
into the bladder and air insufflation can be used 
to improve the staging accuracy of CT, these tests 
have limited clinical value [128, 129]. Although 
MRI is superior to CT in staging of the primary 
tumor, it cannot reliably distinguish the layers of 
the bladder wall and is rarely used for this pur- 
pose. The staging accuracy of contrast-enhanced 
dynamic MRI ranges from 62 to 85%; but when 
performed after TUR, perivesical inflammation 
from tumor resection can lead to overstaging 
tumors that are confined to the bladder [127, 
130-132]. El-Assmy et al. compared diffusion- 
weighted MRI with T2-weighted MRI [133]. 
Diffusion-weighted imaging outperformed T2 
MRI but was only 63.6% accurate in differentiat- 
ing superficial from invasive tumors and 69.6% 
accurate in differentiating organ-confined from 
non-organ-confined tumors. 

In contrast to their role in local staging of 
bladder tumors, CT and MRI are integral to the 
metastatic survey of patients with muscle-invasive 
or high-risk NMIBC. CT is the imaging modality 
most often used to evaluate for nodal and dis- 
tant abdominal/pelvic metastases, though the 


5 Bladder Cancer Overview and Staging 


sensitivity of CT for detecting nodal involvement 
is as low as 14-19% [126, 134]. Both MRI and 
CT are limited by the inability to recognize can- 
cer in normal-sized lymph nodes, and a number 
of techniques for improving their performance 
have been evaluated. For example, using three- 
dimensional Tl-weighted imaging, Jager et al. 
[135] demonstrated a sensitivity of 75% for 
detecting nodal metastases. Ferumoxtran-10, an 
ultra-small superparamagnetic iron oxide parti- 
cle, has been used as an enhancing agent, with a 
reported sensitivity of 96%, specificity of 95%, 
and negative predictive value of 98% in the 
identification of individual lymph nodes harbor- 
ing tumor [136]. In 12 normal-sized nodes with 
metastatic cancer, ten were correctly identified as 
harboring tumor. Thoeny et al. [137] have reported 
a novel approach combining ferumoxtran-10 with 
diffusion-weighted MRI. Evaluating only patients 
with normal-sized nodes, they reported negative 
predictive values of 86-93% and sensitivities of 
60-80%, while significantly shortening MRI 
reading times from the previously employed pre- 
and post-contrast T2 technique (13 vs. 80 min). 
Finally, '8F-FDG positron emission tomogra- 
phy (PET) has been utilized in the evaluation of 
regional and distant sites of metastasis with sensi- 
tivity and specificity reported as 76.9% and 97.1%, 
respectively, for detecting metastatic disease [138]. 
The role of '$F-FDG PET in pelvic imaging is lim- 
ited due to urinary excretion of "F-FDG [139], 
and other agents such as ''C-choline and 
"C-methionine are undergoing investigation as 
PET tracers for bladder cancer. While combined 
PET/CT holds promise in the evaluation of blad- 
der cancer patients with suspected recurrent, nodal, 
or metastatic disease, its use is controversial and 
currently limited to investigational applications. 
To complete the metastatic evaluation in patients 
with muscle-invasive cancer, a chest radiograph 
should be performed, and a bone scan is required 
in the setting of an elevated alkaline phosphatase. 
A CT chest should be obtained in lieu of a chest 
radiograph in patients with clinical T3 or node- 
positive disease and those with high-risk histo- 
logic variants such as micropapillary carcinoma. 
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Secondary Tumors 


Carcinomas of the prostate (see later), rectosig- 
moid, and uterine cervix are the most common 
primary neoplasms to involve the bladder by 
direct extension [140, 141]. Additionally, urachal 
carcinomas are a separate entity from primary 
bladder adenocarcinoma, and most urachal can- 
cers invade the bladder. 


Colorectal 

Colorectal carcinoma most commonly involves 
the bladder by direct invasion, but also by discon- 
tinuous metastases. Histologically, it is impossi- 
ble to distinguish a colon or urachal 
adenocarcinoma extending into the bladder from 
a bladder primary adenocarcinoma [142, 143]. 
Only if there is a mixed urothelial carcinoma with 
enteric differentiation can a bladder primary be 
established. A history of high-grade, high-stage 
colon cancer is important and, if present, an ade- 
nocarcinoma in the bladder with enteric histol- 
ogy should be considered as a metastasis. 
Immunohistochemical studies can in some cases 
suggest a colon primary (strong diffuse nuclear 
Beta-catenin expression; CK7 negative/CK20 
positive) although other “intestinal” markers 
(CDX2, villin) may be expressed in both [143- 
148]. As immunohistochemical studies are not 
definitive, we report cases with this differential 
diagnosis as: “Although this tumor may be pri- 
mary in the bladder, an intestinal adenocarcinoma 
with spread to the bladder should be excluded on 
clinical grounds.” 


Uterine Cervix 

Routine pathology cannot distinguish squamous 
cell carcinoma primary in the uterine cervix from 
urothelial or squamous carcinoma of the bladder. 
In situ hybridization for HPV 16 and 18 may also 
be useful, as, with rare exception, urothelial and 
squamous carcinoma of the bladder are not 
related to HPV [149, 150]. Immunohistochemistry 
for p16 is not useful diagnostically because it is 
expressed in both bladder and uterine cervical 
cancer [151, 152]. 
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Fig. 5.9 Polypoid nodule 
of metastatic clear cell 
renal cell carcinoma 

to the bladder 


Metastases to the Bladder 

Melanoma is the most common tumor to metas- 
tasize to the bladder [140]. Other relatively com- 
mon tumors include breast, stomach, lung, and 
kidney (Fig. 5.9) [140, 141, 153-158]. Rare 
examples of other primary sites with tumors met- 
astatic to the bladder are pancreas, testis, gall- 
bladder, liver, uterus, skin, appendix, and tongue 
[140, 141, 159-163]. Carcinomas with micro- 
papillary morphology can occur in the bladder, 
breast, ovary, and lung and can be distinguished 
with an immunohistochemical panel [164, 165]. 
Metastatic small cell carcinoma to the bladder 
from the lung is histologically and immunohis- 
tochemically identical to primary small cell car- 
cinoma arising in the bladder, with the exception 
that in some bladder small cell carcinomas, 
identification of CIS or invasive urothelial carci- 
noma can verify a bladder primary [166]. If at the 
time of diagnosis of small cell carcinoma involv- 
ing the bladder, tumor appears localized to the 
bladder, it unlikely represents spread from an 
occult pulmonary primary. 


Prostate Staging 


Prostatic urothelial carcinoma has its own stag- 
ing system independent of any concomitant blad- 
der carcinoma. TNM stage is determined by 
depth of invasion, and the 2010 UICC-AJCC 
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staging system is given in Table 5.5. CIS involv- 
ing the prostate is distinguished by the suffix “is 
pd” for involvement of the prostatic ducts and “‘is 
pu” for involvement of the prostatic urethra. This 
staging system applies only to tumors originating 
from the prostatic urethra and involving prostatic 
ducts and acini with or without associated pros- 
tatic stromal invasion. In contrast, when invasive 
urothelial carcinoma from the bladder directly 
extends into the prostatic stroma, it is designated 
as pT4a disease. 

The prostatic urethra is frequently involved 
with urothelial carcinoma in the setting of bladder 
carcinoma—prostatic urothelial carcinoma has 
been identified in up to 48% of cystoprostatec- 
tomy specimens [167, 168]. Stromal invasion of 
the prostate is present in 7-17% patients undergo- 
ing radical cystectomy [168-171], and the pros- 
tate is the primary source of urothelial carcinoma 
in 3% of patients [168]. Three patterns of bladder 
cancer invasion into the prostate have been char- 
acterized: extension along the urethra, extravesi- 
cally into the prostate, and submucosally through 
the bladder neck [172]. Key risk factors for pros- 
tatic involvement include bladder CIS, multifocal 
disease, and bladder tumors located in the trigone 
or bladder neck [173-177]. Prostatic stromal inva- 
sion from prostatic urothelial carcinoma originat- 
ing in the prostate carries an approximately 
2.5-fold increased risk of mortality independent of 
other clinical and pathologic variables [178, 179]. 
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Table 5.5 TNM staging system for urethral carcinoma of the prostate 
Definitions of TNM 


Primary tumor (T) (male and female) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Noninvasive papillary, polypoid, or verrucous carcinoma 

Tis Carcinoma in situ 

T1 Tumor invades subepithelial connective tissue 

T2 Tumor invades any of the following: corpus spongiosum, prostate, periurethral muscle 

T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, anterior 
vagina, bladder neck 

T4 Tumor invades other adjacent organs 


Urothelial (transitional cell) carcinoma of the prostate (T) 


Tis pu Carcinoma in situ, involvement of the prostatic urethra 

Tis pd Carcinoma in situ, involvement of the prostatic ducts 

T1 Tumor invades urethral subepithelial connective tissue 

T2 Tumor invades any of the following: prostatic stroma, corpus spongiosum, periurethral muscle 

T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, bladder 
neck (extraprostatic extension) 

T4 Tumor invades other adjacent organs (invasion of the bladder) 


Regional lymph nodes (N) 


Distant metastasis (M) 
MO 
M1 Distant metastasis 


No distant metastasis 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node 2 cm or less in greatest dimension 

N2 Metastasis in a single node more than 2 cm in greatest dimension, or in multiple nodes 


Adapted from Edge et al. [114]. Used with the permission of the American Joint Committee on Cancer (AJCC), 
Chicago, Illinois. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010) 
published by Springer-Verlag New York, http:\\www.springer.com 


Given the high incidence and prognostic 
significance of prostatic urothelial carcinoma in 
patients with bladder cancer, staging of bladder 
cancer should include independent evaluation of 
the prostatic urethra. Prostatic lesions should be 
biopsied to assess for stromal invasion, and 
patients with known prostatic urothelial carci- 
noma should have an intraoperative frozen sec- 
tion of the apical distal urethral margin at the 
time of cystectomy. Some have recommended 
TUR or mucosal biopsy of the prostatic urethra in 
all patients with high-grade cancer, with biopsies 
taken at the level of the verumontanum where 
there is the highest concentration of prostatic 
ducts [180-182]. However, TUR does not detect 
prostatic involvement with great accuracy [183]. 


Donat et al. [183] reported sensitivity and 
specificity of 53% and 77%, respectively, in 
patients who underwent TUR prior to cystec- 
tomy, and many have suggested that the decision 
to perform an orthotopic diversion may be based 
on the results of frozen section analysis of the 
apical margin at the time of cystectomy [167, 184]. 
While both prostatic stromal invasion and a posi- 
tive apical margin significantly increase the risk 
of urethral recurrence; the latter may be the one 
absolute indication for urethrectomy in patients 
undergoing radical cystectomy [185-187]. It is 
important to note that the risk of urethral recur- 
rence is significantly less with an orthotopic 
than a cutaneous diversion, even among patients 
with no prostatic urethral involvement [187]. 
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Fig. 5.10 Poorly differentiated prostate adenocarcinoma with negative stains for PSA (left), yet demonstrating charac- 


teristic granular immunoreactivity for P501s (right) 


The mechanism for this disparity is not known, 
and may simply reflect selection bias. Staging 
biopsy showing prostatic ductal CIS may alter 
the management strategy for a patient who is oth- 
erwise deemed eligible for bladder preservation 
with TUR +/- BCG. CIS of the prostatic ducts is 
difficult to monitor and may not respond to BCG 
as CIS occurring at other sites. These patients 
may be at risk for silent progression in the pros- 
tatic ducts—thus, these patients may be consid- 
ered for immediate cystoprostatectomy. 


Pathologic Staging 


A common diagnostic problem is in differentiat- 
ing poorly differentiated urothelial carcinoma of 
the bladder from poorly differentiated prostatic 
adenocarcinoma on TURP [188]. In many 
cases, there are histological clues that can sepa- 
rate out these entities. However, there are rare 
cases of prostate adenocarcinoma with marked 
pleomorphism termed “pleomorphic giant cell 
adenocarcinoma of the prostate” that are micro- 
scopically identical to urothelial carcinoma [189]. 


Consequently, in a poorly differentiated tumor 
involving the bladder and prostate without any 
glandular differentiation typical of prostate ade- 
nocarcinoma, the case should be worked up 
immunohistochemically. 

Approximately 90% of poorly differentiated 
prostatic adenocarcinomas show prostate-specific 
antigen (PSA) and prostate-specific acid phos- 
phatase (PSAP) staining, although it may be focal 
[190-192]. With only a few exceptions, immu- 
noperoxidase staining for “prostatic markers” is 
very specific for prostatic tissue [193-196]. 
Immunohistochemical stains used to label urothe- 
lial carcinoma, which are in general negative in 
prostate cancer, include high molecular weight 
cytokeratin, p63, thrombomodulin, and GATA3 
[160, 197, 198]. The authors propose that a first- 
line panel for this differential should include 
PSA (expected positive for prostate cancer) and 
p63 and high molecular weight cytokeratin 
(expected negative in prostate cancer). In cases 
not fully resolved by this panel, a second line 
panel including NKX3.1 and P501S (expected 
positive in prostate) should help resolve most 
cases (Fig. 5.10). 
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Management 
Non-Muscle-Invasive Bladder Cancer 


Although up to 80% of bladder cancers are non- 
muscle-invasive (NMIBC) at the time of diagno- 
sis, 15-25% will eventually progress to invasive 
disease. Most patients with NMIBC may be 
followed with close cystoscopic surveillance 
and re-resection when new tumors arise [199]. 
Additionally, there is level I evidence supporting 
the use of a single, prophylactic postoperative 
instillation of intravesical chemotherapy in patients 
with NMIBC [200]. This is based on a 39% 
decrease in the odds of tumor recurrence and is 
reflected in the published guidelines [83, 199]. 
However, the predicted effectiveness of a single 
instillation of perioperative chemotherapy has 
been estimated by the American Urological 
Association (AUA) Guidelines Panel to be a 
more modest 17% reduction in recurrence [199]. 
Additionally, the benefit is reduced in patients with 
multiple tumors as compared to solitary lesions. 

Patients with NMIBC may also benefit from 
further induction and maintenance intravesical 
therapy regimens. BCG has been consistently 
shown to be superior to mitomycin C (MMC) in 
the treatment of NMIBC, but only with inclusion 
of a maintenance regimen [201]. The response to 
BCG is greatest in patients with CIS, and up to 
68% experience a complete response [202]. 
Notably, patients may continue to respond to 
BCG up to 6 months after induction therapy due 
to the nature of the immune response [203]. In 
patients who suffer a recurrence after one induc- 
tion course of BCG, another induction course of 
BCG may still be of benefit. In fact, in patients 
who fail a single 6-week course, up to one-third 
of patients may be salvaged with an additional 
course of BCG. Those with persistent disease 
despite two courses of BCG are unlikely to benefit 
from additional intravesical BCG and alternative 
strategies should be discussed [204]. 

A number of potential intravesical treatments 
exist for patients with BCG-refractory NMIBC; 
however, all offer only limited success rates. 
Administration of MMC via microwave hyper- 
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thermia [205] or electromotive drug administra- 
tion [206] has shown benefit over MMC alone 
and may be effective in patients with BCG- 
refractory disease. A derivative of MMC, apazi- 
quone, has also demonstrated potential as an 
intravesical agent [207]. In patients with BCG- 
refractory CIS, valrubicin is currently the only 
US Food and Drug Administration (FDA)- 
approved drug [208]. Other promising agents 
include mycobacterial cell walI-DNA complex, 
with response rates up to 46% in a mostly pre- 
treated population [209], and DTA-H19, a DNA 
plasmid carrying the diptheria toxin A gene 
[210]. The available evidence suggests that intra- 
vesical salvage strategies for BCG-refractory 
NMIBC may decrease recurrence rates over the 
short term, but most patients will ultimately 
develop recurrent disease requiring cystectomy. 
Patients with T1 bladder cancer present a par- 
ticularly difficult group of patients to treat. While 
these patients may be appropriately managed 
endoscopically, they also carry a high risk of 
recurrence and progression, and there are not yet 
clear criteria delineating which patients should 
undergo aggressive surgical management. Early 
cystectomy in patients with T1 cancer does appear 
to offer a survival advantage. Hautmann et al. 
[211] reported a 10-year cancer-specific survival 
of 78.7% in a large nonrandomized cohort under- 
going early cystectomy and 64.5% in those under- 
going delayed cystectomy. This survival benefit is 
at the expense of “overtreating” a substantial pro- 
portion of patients, and, in order to help select 
patients for early cystectomy, a number of predic- 
tors have been identified. The presence of CIS 
and/or muscularis mucosa invasion is clearly 
associated with upstaging at cystectomy [212— 
215]. Other predictors of understaging and dis- 
ease progression include lymphovascular 
invasion, small-cell or micropapillary compo- 
nents, and urethral involvement [215-217]. 


Muscle-Invasive Bladder Cancer 
In patients with muscle-invasive tumors, the 


standard treatment is radical cystectomy. In those 
without lymph node involvement and using prior 


104 

staging criteria, Stein et al. [218] reported 10-year 
recurrence-free survival rates of 87% in T2, 76% 
in T3, and 45% in T4 disease. Lymph node 
involvement varied with tumor stage, ranging 
from 18% of patients with T2a disease to 45% of 
patients with T3/T4 disease, and the 10-year 
recurrence-free survival rate in these patients 
was 34%. There is a clear relationship between 
survival after cystectomy and the number of 
lymph nodes removed at the time of surgery. 
Herr et al. [219] showed significant differences 
in survival among 68 node-positive patients 
depending on the number of lymph nodes 
obtained. Additionally, among 258 node-nega- 
tive patients, the number of lymph nodes removed 
remained an important predictor of survival 
[219]. This association between increasing 
lymph node counts and improved overall survival 
after cystectomy has also been demonstrated in a 
population-based study [220]. 

Bladder-sparing therapies, which generally 
include endoscopic resection followed by chemo- 
therapy and radiation, may obviate the need for 
radical cystectomy. No randomized trials have 
compared these regimens with immediate radical 
cystectomy; however, some series have demon- 
strated survival rates that are similar to cystec- 
tomy series. In these studies, selection of 
appropriate candidates is essential based on a 
variety of clinical and pathologic characteristics. 
Candidates for bladder-preserving protocols 
generally are recommended to have a solitary 
tumor <5 cm in size, clinical stage T2 or lower, no 
hydronephrosis, and no evidence of lymphatic or 
distant metastases. Of note, patients who recur 
with invasive disease after attempted bladder 
preservation should be strongly reconsidered to 
undergo cystectomy. Rodel et al. reported a 
10-year disease-specific survival of 42% with over 
80% of survivors preserving their bladder [221]. 


Chemotherapy 


The administration of chemotherapy before or 
after radical cystectomy is an area of ongoing 
debate, with only neoadjuvant chemotherapy 
supported by level 1 evidence. Neoadjuvant 
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chemotherapy offers a number of potential 
advantages, including early treatment of micro- 
scopic metastases, downstaging of the primary 
tumor, and improved patient tolerance relative 
to adjuvant chemotherapy. A potential disad- 
vantage; however, is the delay in cystectomy, 
as longer waiting periods between TUR and 
cystectomy are associated with worse outcomes 
[222-224]. 

Use of neoadjuvant chemotherapy is sup- 
ported by a number of studies. The Southwest 
Oncology Group’s study 8710 (SWOG 8710) 
randomized 307 patients with locally advanced 
bladder cancer to cystectomy with or without 
neoadjuvant chemotherapy [225]. Patients ran- 
domized to the chemotherapy group received 
methotrexate, vinblastine, adriamycin, and cispl- 
atin (MVAC) and had significantly improved 
overall and disease-specific survival. The greatest 
benefit was to patients with T3 or T4 disease, 
while there appeared to be little impact on patients 
with T2 cancer. A meta-analysis of 3,005 patients 
from 11 randomized trials found that neoadjuvant 
chemotherapy provided a 5% absolute overall 
survival benefit at 5 years (p =0.003) [226]. While 
adjuvant chemotherapy has the advantage of 
selecting patients at highest risk for failure, most 
adjuvant chemotherapy trials have failed to dem- 
onstrate a significant benefit [227]. However, 
most adjuvant chemotherapy studies following 
cystectomy suffer from methodological flaws 
including small sample size as compared to the 
neoadjuvant studies that limit definitive conclu- 
sions. In patients with persistent node-positive 
disease at cystectomy despite neoadjuvant 
treatment, Kassouf et al. found a significant 
improvement in recurrence-free survival with the 
administration of adjuvant chemotherapy (13 vs. 
5 month, p=0.02) [228]. 


Conclusion 


Significant differences in bladder cancer inci- 
dence and survival by race and gender exist, and 
ongoing research continues to advance our under- 
standing of the factors behind these disparities. 
From a clinical standpoint, further development 
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of cystoscopic and imaging technologies to assist 
with the detection and staging of bladder cancers 
holds significant promise. The appropriate man- 
agement of bladder cancer patients relies heavily 
on accurate staging and grading at the time of 
TURBT. The pathological identification of T1 
disease can be particularly challenging, but care- 
ful tissue handling, minimal use of electrocau- 
tery, and inclusion of muscularis during 
endoscopic resection can facilitate an accurate 
pathologic diagnosis. While there is continued 
debate over how best to manage patients with T1 
cancer, it is important to counsel patients on the 
risks and benefits of early cystectomy versus 
bladder-sparing regimens. Additional progress 
continues to be made in the treatment of muscle- 
invasive bladder cancer, including the increasing 
use of neoadjuvant chemotherapy and minimally 
invasive approaches to radical cystectomy, how- 
ever, the importance of an appropriate lymph 
node dissection remains paramount regardless 
of approach. Hopefully, continued advances in 
systemic chemotherapy will provide further 
improvements in survival and quality of life for 
these patients in the near future. 
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Non-Muscle-Invasive Low- 
and High-Grade Neoplasia 


Robert Jackson, Hikmat Al-Ahmadie, 
Victor E. Reuter, and Cheryl T. Lee 


Introduction 


Bladder cancer imposes a considerable burden on 
patients and health care systems around the 
world. Estimates predict more than 70,000 new 
cases of bladder cancer and more than 14,000 
deaths in 2010 in the USA [1]. Bladder cancer is 
three times more common in men than in women 
and roughly twice as common in Caucasians as 
African-Americans. For unknown reasons, rela- 
tive mortality rates are lower for men and for 
Caucasians [2, 3]. The risk of bladder cancer 
increases with age, peaking between the sixth 
and eighth decades of life, creating unique chal- 
lenges in treatment related to existing comorbidi- 
ties [4, 5]. At the time of diagnosis, 75% of 
patients present with non-muscle-invasive blad- 
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der cancers (NMIBC); 70-80% are limited to the 
mucosa (Ta, Tis) and the remaining 20-30% 
invade the lamina propria (T1) [6]. 

Bladder cancer’s propensity for recurrence 
and progression requires long-term surveillance, 
making bladder cancer the most expensive solid 
neoplasm to treat from diagnosis to death, rang- 
ing from $96,000 to $187,000 per patient in 2001 
dollars [7]. This disease remains an important 
health condition that poses many clinical, patho- 
logic, and social challenges. The complexities of 
the disease have even created controversies in 
the pathologic description of the disease (urothe- 
lial vs. transitional), grading of tumors, and in 
disease classification (superficial vs. NMIBC) [8]. 
Changes in disease descriptors have improved 
our ability to examine the many different dis- 
eases that make up bladder cancer. In this chap- 
ter, we will evaluate several “categories” of 
NMIBC that present varying levels of patient 
risk necessitating a spectrum of management 
intensity. A multidisciplinary approach to this 
disease is essential. In managing NMIBC, a 
close relationship with pathology can greatly 
clarify the threat of the tumor. 


Clinical Presentation 


Hematuria is the most common presentation of 
bladder cancer, seen in up to 80% of patients [9]. 
Rates of bladder cancer are higher in those pre- 
senting with gross hematuria (13-35%) than 
microscopic hematuria (0.5—11%) [10]. Irritative 
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voiding symptoms, (urinary urgency and frequency) 
are also common signs at presentation, and, in 
the absence of an obvious cause, these symptoms 
warrant further investigation as they may be 
associated with urothelial carcinoma, particu- 
larly carcinoma in situ (CIS) [4]. Less often, 
patients present with signs and symptoms result- 
ing from urinary tract obstruction such as recur- 
rent urinary tract infection, hydronephrosis, flank 
or abdominal pain, pyelonephritis, and renal 
insufficiency. Hydronephrosis has traditionally 
been associated with invasive and extravesical 
disease; this association is stronger for patients 
with bilateral hydronephrosis. More than 90% of 
patients with bilateral hydronephrosis will have 
advanced disease (i.e., > p3b, or N*) at the time 
of presentation; approximately 67% of those 
with unilateral hydronephrosis have advanced 
disease at the time of presentation [5, 11]. 


Pathogenesis and Natural History 


The pathogenesis of bladder cancer is multifacto- 
rial, with both exogenous and endogenous factors 
playing important roles. The strongest risk factor 
for development of urothelial carcinoma is smok- 
ing. The link between bladder cancer and smok- 
ing is well established. Smokers have a two to 
fourfold higher chance of developing bladder 
cancer, and as many as 50% of bladder cancer 
cases may be attributable to smoking [3, 12, 13]. 
Smoking risk increases with the number of ciga- 
rettes smoked and the duration of smoking. 
Smoking cessation has been shown to reduce the 
risk of bladder cancer [14]. 

Well-established environmental exposures 
also increase the risk of bladder cancer. These 
include aromatic amines, acrolein, aniline dyes, 
coal, arsenic, nitrates, and nitrites [9, 15]. 
Consequently, professions linked to increased 
rates of bladder cancer include painters, truck 
drivers, machine operators, auto workers, metal 
workers, leather workers, dry cleaners, paper 
manufacturers, barbers, beauticians, physicians, 
and plumbers [3, 16, 17]. The latency time for 
chemical exposure and the increasing incidence 
in industrialized countries lend credence to the 
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theory that prolonged carcinogenic exposures in 
the urine play a critical role in the formation of 
urothelial tumors [2, 14]. 

Endogenous molecular and genetic factors also 
contribute to the development of urothelial carci- 
noma; however, evidence does not exist for a purely 
heritable cause [14]. Derangements of established 
molecular mechanisms that promote urothelial car- 
cinogenesis include altered  metabolism/ 
detoxification pathways, inactivation of tumor-sup- 
pressor genes, activation of oncogenes, and overex- 
pression of normal genes. Pathways involved in 
metabolism of exogenous carcinogens include 
cytochrome P450, glutathione S-transferase, and 
N-acetyltransferase. Each of these pathways has 
been implicated in bladder cancer [18-20]. 

Abnormalities in tumor-suppressor genes also 
result in cell cycle dysregulation and tumor devel- 
opment. Tumor-suppressor genes implicated in the 
development of urothelial carcinoma include p21, 
p16, p53, and Rb [2, 21-23]. Genetic alterations 
can also lead to induction of oncogenes, leading 
normal genes to encode for a malignant pheno- 
type. Oncogenes associated with urothelial carci- 
noma include those of the myc and ras families 
[24-26]. Overexpression of normal genes encod- 
ing for growth factors and growth factor receptors, 
such as epidermal growth factor (EGF) and its 
receptors (ERBB1 and ERBB2), has also been 
implicated in urothelial carcinogenesis [27-29]. 

The molecular alterations observed in bladder 
cancer may cooperate with chemical exposures 
resulting in the recurrent nature of the disease. 
Much of the morbidity and mortality associated 
with NMIBC results from disease recurrence 
and progression. Even after a complete endo- 
scopic resection, 50-70% of tumors will recur 
and 10-30% will subsequently progress to mus- 
cle-invasive disease [6, 30, 31]. The majority of 
recurrences happen within the first 5 years after 
treatment [32]. The risks of recurrence and pro- 
gression vary according to tumor grade and 
stage. High-grade (HG) tumors with invasion 
into the lamina propria (T1) have been estimated 
to progress in more than half of patients over 15 
years [30]. Similarly, 39% of patients with 
carcinoma in situ (CIS), another high-grade 
lesion, will suffer progression within 3 years of 
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Fig. 6.1 Important genetic and epigenetic defects that 
characterize the divergent pathways of urothelial tumori- 
genesis. Clinical data and experimental evidence indicate 
that urothelial tumors arise and progress along two dis- 
tinct pathways. The first of these (top pathway), which 
accounts for 70-80% of urothelial tumors, is often pre- 
ceded by simple and papillary hyperplasia and exhibits a 
tumor morphology that is low grade, superficial, and pap- 
illary. About 70% of these tumors will recur, but only 
~15% will proceed to infiltrate the musculature (dashed 
line). These tumors harbor frequent mutations in the 
HRAS gene (30-40%) and fibroblast growth factor recep- 
tor 3 (FGFR3) gene (~70%), indicating that RTK-Ras 
activation has an early and crucial role in this tumorigen- 
esis pathway. Deletions in the short arms of chromosomes 
8 and 11 (8p- and 11p-) and long arms of chromosomes 13 
and 14 (13q- and 14q-) are often associated with tumor 
progression to the invasive stages. The second tumor path- 
way (bottom pathway) (accounting for 20-30% of the 
urothelial tumors) is characterized by high-grade muscle- 
invasive tumors, which either originate from flat carci- 


treatment [33]. In contrast, 15-year progression- 
free survival rates for high-grade Ta urothelial 
carcinoma are 61% and for low-grade (LG) Ta 
are 95% [34]. Tumor grade, then, will greatly 
influence a patient’s risk of recurrence and pro- 
gression. This distinction in clinical behavior is a 
clear reflection of the variation in tumor biology 
seen in low- and high-grade lesions (Fig. 6.1). 
Low-grade tumors typically have relatively few 
chromosomal abnormalities (most often loss of 
all or part of chromosome 9), while higher grade 
lesions display more numerous and varied abnor- 
malities including alterations in chromosomes 7, 
9, and 17 [10, 35-38]. 


papillary tumour 


~70% 


Recurrence 


Invasive tumour == Metastasis 
(high grade) >50% 


noma in situ (CIS)/severe dysplasia or arise de novo. Over 
half of these tumors contain structural and functional 
defects in the tumor suppressors p53 and/or the retino- 
blastoma protein (RB) and over 50% of these tumors 
progress to local and distant metastases despite radical 
cystectomy and chemotherapy. Invasion and metastases 
are promoted by several factors that alter the tumor 
microenvironment, including the aberrant expression of 
N- and E-cadherins (N-cad and E-cad), matrix metallo- 
proteinases (MMPs), angiogenic factors such as vascular 
endothelial growth factor (VEGF), and antiangiogenic 
factors such as thrombospondin 1 (TSP1) and cyclooxy- 
genase 2 (COX2). Deletion of both arms of chromosome 
9 (9p-/9q-) occurs early during urothelial tumorigenesis, 
but they do not seem to be markers that differentiate the 
two tumor pathways. Elucidating the genetic and epige- 
netic causes of the two distinct pathways of urothelial 
tumorigenesis should have a tremendous impact on the 
rational management of different urothelial carcinomas. 
Asterisk indicates mutated proteins. Reprinted with per- 
mission from Wu [38] 


Clinical Evaluation 


A thorough history is important in the evaluation 
of bladder cancer patients. Often, patients have 
had a variety of recurrences and have been treated 
with intravesical and endoscopic therapies. The 
course of the disease is important as it outlines the 
capabilities of the tumor and the consequent 
patient risk. The social history is particularly rel- 
evant, as it can inform the provider about cancer 
etiology and ongoing hazardous exposures. A 
complete physical examination is essential 
with particular attempts to identify: (1) cervical, 
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supraclavicular, and inguinal adenopathy; (2) 
flank pain or a palpable abdominal mass; (3) lower 
extremity edema; (4) bone pain; and (5) mass 
effect on rectal examination in men or pelvic 
examination in women. The clinical stage of the 
tumor along with complications of the disease 
may be readily apparent. In patients with disease 
confined to the bladder, the physical assessment is 
often unremarkable. 

Urine cytology is also an essential part of 
patient evaluation both initially and when moni- 
toring for recurrence. A cytopathologic assess- 
ment of urothelial cells shed into the urine is 
accomplished from a voided or instrumented urine 
sample. The strength of cytology as a diagnostic 
test is its specificity, which can be high as 94% [5, 
39]. In certain cases, positive cytology may actu- 
ally precede the development of visible tumors 
[40]. The sensitivity of the test, however, is some- 
what low, primarily due to its very poor perfor- 
mance in detecting low-grade tumors [41]. 
Consequently, its role as a urinary marker is much 
greater in the detection of high-grade lesions, 
likely resulting from the discohesive nature of 
these tumors, which contributes to the shedding of 
cells into the urine. The sensitivity of cytology 
may be improved when cells are collected from a 
bladder wash, rather than a voided sample, as the 
irrigation leads to a specimen with higher cellu- 
larity. Ultimately, the most significant limitation 
of urine cytology may be the variation in inter- 
preter evaluation [42]. One must truly know their 
local cytopathologist to gauge the level of suspi- 
cion of an “atypical” or “dysplastic” cytology 
result. A multitude of urinary assays have been 
developed to improve the sensitivity of cytology 
yet maintain its specificity (Table 6.1). These tests 
have often provided point-of-care-based alterna- 
tives to cytology. Because many of these tests are 
new, their clinical utility is still uncertain. 


Imaging 


Radiographic imaging is an essential part of clin- 
ical staging. The computerized tomography uro- 
gram (CTU) has replaced the intravenous 
pyelogram (IVP) as the radiographic test of 
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choice. In addition to an evaluation of the upper 
urinary tract, it provides important anatomic 
detail within the abdomen and pelvis permitting 
assessment of lymph nodes, viscera, perivesical 
tissue, and detailed changes in the appearance of 
the renal pelvis, calyces, and ureter. In the case of 
renal insufficiency, ultrasound and magnetic res- 
onance imaging (MRI) are typically used as alter- 
natives to CTU in the upper-tract evaluation, 
although concerns regarding nephrogenic sys- 
temic fibrosis have limited the use of MRI in 
those patients with severe renal impairment [5]. 

While CTU is an improvement over IVP, there 
are still a substantial number of patients that are 
clinically understaged. This is in part due to the 
inability of CT to detect micrometastases, espe- 
cially in lymph nodes, where 40-70% of metasta- 
ses can go undetected [43, 44]. Consequently 
alternative imaging techniques and modalities 
are being investigated. These include dynamic 
MRI, virtual cystoscopy using either CT or MRI, 
and positron emission tomography (PET) alone 
or in combination with CT [44—47]. Although the 
more expensive modalities such as MRI and PET 
may have a potential role in staging muscle-inva- 
sive tumors, their role in staging NMIBC is less 
well defined and may not provide sufficient addi- 
tional information to justify routine use. 


Cystoscopy 


White-light cystoscopy has long been the stan- 
dard of care for bladder cancer detection since it 
allows direct visualization of bladder pathology. 
Flexible cystoscopy is a quick and relatively 
well-tolerated office procedure for the majority 
of patients. Direct visualization of the urothelium 
allows assessment of the number of tumors, their 
location and relation to other important structures 
such as the ureteral orifices, bladder neck, and 
prostatic urethra. Urothelial carcinoma can have 
a papillary, sessile, or nodular appearance. 
Carcinoma in situ typically appears as a velvety, 
erythematous patch of mucosa alongside the oth- 
erwise smooth and pale urothelium. Studies have 
shown that cystoscopy can accurately discrimi- 
nate between benign and malignant lesions, with 
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Table 6.1 Review of current bladder tumor markers 


Point FDA 
Marker of service Target approved Comments 
Urine cytology No Urothelial cells Yes Poor sensitivity for low-grade 
disease; dependence on expertise of 
pathologist 
UroVysion™ No chromosomes 3, 7, 17, and Yes Lack of standardization of criteria 
fluorescence in situ 9p21 for positive test; expensive; specially 
hybridization (FISH) trained personnel 
NMP-22 Yes Nuclear mitotic protein Yes Results can be influenced by benign 
involved in distribution of urologic conditions 
chromatin during replication 
BTA stat Yes Complement factor H-related Yes Specificity is low among patients 
protein with benign urologic conditions 
BTA-TRAK No Complement factor H-related Yes Same as BTA stat 
protein 
uCyt No Sulfated mucin glycoproteins No Need significant experience for 
and glycosylated carcinoem- interpreting and time to examine 
bryonic antigen slides 
BLCA-4 No Nuclear mitotic protein No Found in both tumor and normal 
regions of bladder 
BLCA-1 No Nuclear mitotic protein No Expressed only in tumor areas of 
bladder 
Aurora kinase A No Gene that encodes a key No Overexpression of AURKA can 
(AURKA) regulator of mitosis cause aneuploidy in urothelial cells 
CXCL1 No Secreted protein that is part No CXCLI may be associated with 
of CXC chemokine family tumorigenesis; may have increased 
levels in invasive bladder cancer 
Matrix metalloprotei- No Zinc-dependent No MMPs are key regulators of tumor 
nase (MMP) endopeptidases growth and angiogenesis 
complexes 
FGFR3 No Glycoprotein that is part of No FGFR3 mutations are associated 
tyrosine kinase receptor with non-muscle-invasive bladder 
family cancers 
Methylation markers No Methylation of a gene locus No Hypermethylation of promoter 


sequence DNA is a mechanism for 
silencing tumor-suppressor genes 


Adapted with permission from Jacobs et al. [5] 


sensitivity, specificity, and positive predictive 
values of up to 100% in some series [48]. 
Prediction of pathologic stage based on endo- 
scopic appearance, however, is somewhat less 
accurate, although sessile tumors and those with 
visible areas of necrosis are more likely to be 
invasive high-grade lesions [10, 48, 49]. 

Newer technologies are currently being stud- 
ied that address the shortcomings of cystoscopy 
including difficulties in the detection of flat neo- 
plastic lesions, and the lack of immediate grade 
and stage information. Fluorescence cystoscopy 


(FC) is a technology that uses intravesical instil- 
lation of 5-aminolevulinic acid. This compound 
is a precursor in the heme biosynthesis pathway 
and induces an accumulation of fluorescent 
endogenous porphyrins in tissues of epithelial 
origin. It is preferentially taken up by cells with 
an elevated metabolism and can therefore high- 
light neoplastic cells that display fluorescence 
when viewed with a blue light and an observation 
filter on the cystoscope [50]. Studies suggest that 
FC improves detection of superficial tumors 
compared to white-light cystoscopy [51, 52]. 
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Denzinger and colleagues reported the 8-year 
results of a randomized, prospective trial in which 
patients underwent either conventional cystos- 
copy and transurethral resection of bladder tumor 
(TURBT) or fluorescence cystoscopy and 
TURBT. All patients then underwent TURBT to 
identify residual tumor. Patients evaluated with 
FC had a lower incidence of residual tumors and 
a significantly higher 8-year recurrence-free sur- 
vival [53]. In a phase HI multicenter trial by 
Grossman and colleagues, FC detected at least 
one more Ta or T1 tumor than conventional cys- 
toscopy in roughly a third of patients [50]. This 
technique, available in Europe for several years, 
is now available in the USA. 

Narrow band imaging cystoscopy (NBI) is 
another new technology being evaluated as a 
possible adjunct to conventional, white-light 
cystoscopy. In NBI, white light is filtered into 
two narrow bands (415 and 540 nm) absorbed by 
hemoglobin, improving visualization of surface 
capillaries and blood vessels in the submucosa. 
This enhances the contrast between normal blad- 
der mucosa and urothelial carcinomas (which 
are more vascular). Herr and colleagues evalu- 
ated 427 patients for recurrence of NMIBC using 
conventional cystoscopy followed by NBI. In the 
24% of patients with a recurrence, 87% were 
visible by conventional methods, while 100% 
were visualized with NBI. The mean number of 
tumors visualized by NBI was higher, and NBI 
revealed additional papillary tumors or more 
extensive CIS in 56% of patients with recur- 
rences [54]. 

Optical coherence tomography (OCT) 
employs near-infrared light and analysis of 
unique tissue backscatter patterns to provide 
real-time cross-sectional imaging of biologic tis- 
sues. This allows in vivo assessment of the 
microarchitectural features of bladder lesions. In 
a study of 32 patients undergoing either bladder 
biopsy or TURBT, Lerner and colleagues 
obtained OCT images of suspicious lesions and 
correlated them with biopsy results. Lesions 
confined to the mucosa were correctly identified 
by OCT with 90% sensitivity and 89% specificity. 
For muscle-invasive lesions, sensitivity was 
100% and specificity was 90% [55]. 
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In vivo confocal laser endomicroscopy (ICLE) 
employs laser light and fluorescent dyes to pro- 
vide real-time, cellular-resolution histologic 
data, giving the user an “optical biopsy” of the 
tissue being examined (Fig. 6.2). Sonn and col- 
leagues reported the first use of ICLE in the uri- 
nary tract in 2009. In this preliminary study, 27 
patients scheduled to undergo TURBT were 
evaluated by conventional cystoscopy and ICLE; 
19 patients were found to have urothelial carci- 
noma. Using ICLE, marked differences were 
appreciated in the appearance of normal urothe- 
lium and urothelial carcinomas. The authors 
concluded that further investigation of the tech- 
nology might lead to a useful adjunct to conven- 
tional cystoscopy [56]. 

All of the technologies previously discussed 
illustrate the exciting potential for improved 
detection and diagnosis of NMIBC. The exact 
role of these new technologies awaits further 
study, and, for patients in the USA, Food and 
Drug Administration (FDA) approval. 


Pathology 
Urothelial Neoplasia 


The vast majority (approximately 98%) of malig- 
nant tumors arising in the urinary bladder are of 
epithelial origin, and of these, 90% are “typical” 
urothelial carcinomas (previously called transi- 
tional cell carcinoma (TCC)) [57]. Most urothe- 
lial carcinomas at initial diagnosis are papillary 
and superficial, and as many as 70% follow a pro- 
longed clinical course characterized by multiple 
recurrences following local resection without 
tumor progression [58]. There is, however, a 
smaller but significant percentage of patients 
whose tumors present with an aggressive clinical 
course over a short period of time. A number of 
pathologic features have been identified that are 
accurate predictors of the clinical course of blad- 
der cancer, the most important of which are depth 
of invasion, if any, at presentation, tumor multifo- 
cality, a history of prior urothelial tumors, tumor 
size, and grade [58]. As a rule, only high-grade 
tumors develop regional lymph node metastasis. 
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Fig. 6.2 (a) Endomicroscopic image of tumor resection 
bed after TURBT showing fibers of muscularis propria. 
(b) H and E stain of biopsy from this site demonstrating 
fibers of muscularis propria. (c) Endomicroscopic image 


Cytologically, benign papillary tumors may and 
do recur, but do not invade. Tumors are as likely 
to recur at a different site in the bladder, indicat- 
ing multifocal occurrence rather than recurrence 
of the original tumor. 


Classification/Grading 

of Urothelial Tumors 

Classification of urothelial tumors has undergone 
many revisions in the past, but in this chapter we 
will follow the latest classification of World 
Health Organization (WHO) of 2003 (Table 6.2). 
This classification was adopted after the WHO 
guided and sponsored consensus meeting of uro- 
logic pathologists in 2002 in Lyon, France. 
During that meeting, the 1998 classification of 
WHO and the International Society of Urological 
Pathologists (ISUP) [8] was accepted with few 
changes and few dissenting votes, and now has 
become the 2003 WHO classification of urothe- 
lial tumors [59]. 


of resection bed revealing distinctive appearance of fat 
lobules. (d) H and E stain of biopsy from this site con- 
firming presence of fat in specimen [56] 


Table 6.2 The World Health Organization/International 
Society of Urological Pathology consensus classification 
of urothelial (transitional cell) neoplasms of the urinary 
bladder 
Normal 
Flat lesions 
Flat hyperplasia 
Flat lesions with atypia 
Reactive (inflammatory) atypia 
Atypia of unknown significance 
Dysplasia (low-grade intraurothelial neoplasia) 
Carcinoma in situ (high-grade intraurothelial 
neoplasia) 
Papillary lesions 
Papillary hyperplasia 
Papillary neoplasms 
Papilloma 


Papillary urothelial neoplasm of low malignant 
potential 


Papillary carcinoma, low grade 
Papillary carcinoma, high grade 
Adapted from Epstein et al. [8] 
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Hyperplasia 

Urothelial hyperplasia can be flat or papillary. 
Flat hyperplasia consists of a markedly thickened 
mucosa without cytological atypia. Although this 
lesion may be seen adjacent to low-grade papil- 
lary urothelial lesions, it is still debatable whether 
it represents a premalignant process. Papillary 
hyperplasia is characterized by undulating urothe- 
lium or papillary growth lined by urothelium of 
varying thickness and lacking atypia and gener- 
ally lacking a well-developed fibrovascular core 
or branching of the papillary structures. This 
lesion is usually asymptomatic and generally 
found on routine follow-up cystoscopy for papil- 
lary urothelial neoplasms. 


Flat Urothelial Lesions 


Reactive Atypia 

Reactive (inflammatory) atypia consists of nuclear 
abnormalities of the urothelium occurring in the 
setting of acutely or chronically inflamed urothe- 
lium. The nuclei are enlarged but often contain a 
single prominent nucleolus and evenly distributed 
vesicular chromatin. Generally, there is no nuclear 
pleomorphism and the cells maintain their polar- 
ity and order. Mitoses may be observed but are 
usually located in the basal or middle urothelium 
and without atypical forms. An acute or chronic 
inflammatory infiltrate is commonly seen in the 
urothelial mucosa and a history of reactive condi- 
tions is usually present such as calculi, trauma, 
instrumentation, or infection [60]. 


Atypia of Unknown Significance 

This term is reserved for situations when it is 
difficult to differentiate between reactive and neo- 
plastic atypia. There may be a greater degree of 
pleomorphism and/or hyperchromatism out of pro- 
portion to the extent of the inflammation such that 
dysplasia or urothelial CIS cannot be confidently 
excluded. This designation allows patients to be 
followed more closely for reevaluation. 


Dysplasia (Low-Grade Intraurothelial 
Neoplasia) 

The term urothelial dysplasia has been used when 
the urothelium exhibits appreciable cytologic and 
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architectural abnormalities felt to be preneoplas- 
tic, yet falling short of the diagnostic threshold 
for CIS. The dysplastic urothelium is usually of 
normal thickness and shows loss of polarity as 
well as nuclear atypia and irregular chromatin 
distribution. This term has inherent problems 
with interobserver reproducibility and lack of a 
uniform definition, which complicates interpreta- 
tion of reports in the literature. Some genitouri- 
nary pathologists diagnose such lesions as atypia 
of unknown significance given these diagnostic 
problems, especially in the absence of any other 
concomitant urothelial neoplasm. 


Carcinoma in Situ (High-Grade 
Intraurothelial Neoplasia) 

Urothelial CIS is a flat lesion of the urothelium 
with unequivocal severe cytologic atypia that is a 
documented precursor of invasive cancer in 
many cases. It is characterized by the presence 
of cells with large, irregular, hyperchromatic 
nuclei that may be present either throughout the 
entire thickness of the epithelium or only part of 
it (Fig. 6.3). Mitoses are commonly seen in the 
mid to upper urothelium. Carcinoma in situ may 
have a pagetoid spread or may be present as iso- 
lated cells in a partially denuded surface. It is an 
exclusively high-grade lesion often found in 
association with papillary or invasive carcinoma, 
where it has been reported in as many as 90% of 
cases [61—65], or in patients with a history of 
prior tumors. A substantial proportion of patients 
with CIS alone are asymptomatic. Symptoms, 
when they appear, suggest cystitis: dysuria, fre- 
quency, and nocturia [63, 64, 66-71]. Most 
patients with CIS have microscopic hematuria, 
but gross hematuria is not uncommon. The epi- 
thelium in areas of CIS is only loosely cohesive 
and the cells readily desquamate, resulting in 
extensive exfoliation from even limited areas of 
CIS, which when biopsied will show a predomi- 
nantly denuded bladder wall (the so-called ero- 
sive cystitis). This makes urine cytology a very 
important and sensitive means to establish the 
correct diagnosis. Although some patients may 
have only a limited focus of CIS, the majority 
will have multifocal or diffuse involvement. If 
left untreated, most cases of CIS will progress to 
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Fig. 6.3 Urothelial 
carcinoma in situ. 
Markedly hyperchromatic 
and pleomorphic cells 
lacking polarity in relation 
to the basement membrane. 
Mitotic figures are readily 
identified 


invasive carcinoma, and in patients who under- 
went cystectomy for CIS, invasion was detected 
in approximately one-third of them [71-73]. 
Nevertheless, not all patients with CIS develop 
subsequent invasive disease [74]. 


Papillary Urothelial Lesions 
Grading of Papillary Urothelial Lesions 


Although tumor stage is the most important prog- 
nostic factor of urothelial carcinoma, outcome of 
patients with noninvasive papillary tumors is 
largely dependent on the pathological grade. The 
issue of grading papillary urothelial tumors has 
been vigorously debated among urologic pathol- 
ogists. The classification system outlined in 
Table 6.2 relies on changes in the architectural 
and cytologic features within the urothelium. The 
architectural features primarily include the over- 
all organization of the cells in the papillary struc- 
tures and the cytologic features include nuclear 
size and shape, chromatin distribution, presence 
of nucleoli, and mitoses. Before the current 
classification was adopted, numerous other 
classification systems for grading papillary 
urothelial neoplasms have been proposed in 
attempts to more precisely predict the prognosis. 
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These systems, however, had poor interobserver 
reproducibility among pathologists. Of all these 
classification systems, the most commonly used 
was the one proposed by the WHO in 1973, in 
which papillary tumors were categorized into 
benign urothelial papilloma and three grades of 
carcinoma (grades 1, 2, and 3) [75]. Although 
this system had been most commonly used, its 
definition of the various grades was vague, with- 
out regard to specific histological criteria, which 
resulted in most cases falling into the intermedi- 
ate category often as the default diagnosis [76, 77]. 
In December 1998 the WHO/ISUP consensus 
classification system was developed in an effort 
to achieve a universally acceptable system for 
bladder tumors. This system became the basis for 
the 2003 WHO/ISUP system for classifying 
urothelial tumors [8, 59]. The WHO/ISUP (2003) 
system classifies papillary urothelial neoplasms 
into four types: papilloma, papillary urothelial 
neoplasm of low malignant potential (PUNLMP), 
low-grade carcinoma, and high-grade carcinoma, 
with detailed description of the specific architec- 
tural and cytological criteria. 

Although in both the WHO (1973) system 
and in the WHO/ISUP (2003) system papillary 
urothelial tumors were divided into four catego- 
ries, a One-to-one translation between the two 
systems is not intended, except for tumors at the 
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Fig. 6.4 Urothelial 
papilloma. Discrete 
exophytic papillary growth. 
The lining urothelium is of 
normal thickness and 


cytology 


extremes of the grading spectrum. Lesions 
called papilloma in the WHO (1973) system are 
also called papilloma in the WHO/ISUP (2003) 
system. At the other end of the grading extreme, 
the grade 3 in the WHO (1973) system is 
assigned to the high-grade carcinoma category 
in the WHO/ISUP (2003) system. By contrast, 
for grades 1 and 2 of the WHO (1973) system, 
there is no direct correlation with the WHO/ 
ISUP (2003) classification. These lesions must 
be graded using the criteria of the newer system 
without regard to how they were diagnosed in 
the old system. Some lesions that were called 
grade 1 carcinoma according to WHO (1973) 
would be classified as PUNLMP in the WHO/ 
ISUP (2003) system, if they show no cytologi- 
cal atypia and merely thickened urothelium 
with, at most, nuclear enlargement. Other WHO 
(1973) grade 1 tumors with definite yet slight 
cytological atypia would be diagnosed as low- 
grade carcinoma in WHO/ISUP (2003) system. 
Grade 2 tumors in WHO (1973) comprise a 
rather broad category. It includes tumors that 
are relatively bland and would have been diag- 
nosed as grade 1-2 according to the WHO 
(1973) system but would fall into the low-grade 
carcinoma category in the WHO/ISUP (2003) 
system. In other cases that are classified as high 
grade according to the WHO/ISUP (2003) sys- 
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tem, they would have been called grade 2-3 in 
the WHO (1973) system. 

In the 1973 WHO system, a large percentage 
of noninvasive papillary urothelial carcinomas 
were called grade 2, which, as we now know, rep- 
resents an ambiguous and heterogeneous group. 
In the 2003 WHO/ISUP system, however, these 
grade 2 tumors can be segregated approximately 
equally into low- and high-grade carcinomas 
with correspondingly low and high risks of pro- 
gression. In addition, several studies have com- 
pared the 1973 WHO and newer WHO/ISUP 
systems. Most have demonstrated a superiority 
of the WHO/ISUP system in predicting recur- 
rence and progression as well as interobserver 
reproducibility [78—83]. On the other hand, some 
other studies have reported no difference in inter- 
observer reproducibility between the two grading 
systems [84, 85]. 


Urothelial Papilloma 


This is a rare benign condition typically occur- 
ring as a small, isolated growth seen primarily, 
but not exclusively, in younger patients. 
Morphologically it is a discrete, exophytic papil- 
lary growth with a central fibrovascular core lined 
by urothelium of normal thickness and cytology 
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Fig.6.5 Papillary 
urothelial neoplasm of low 
malignant potential 
(PUNLMP). Papillary 
fronds urothelial lining 
surrounding fibrovascular 
cores. The cells maintain 
an orderly arrangement 
and lack cytologic atypia 
or pleomorphism. The 
chromatin pattern is 
homogeneous 


(Fig. 6.4). In some papillomas, complex anasto- 
mosing and branching may be seen and stromal 
edema within the papillae may be prominent. 
Additionally, umbrella cells may exhibit variable 
degrees of atypia, which is acceptable as long as 
it is not present beyond the umbrella cells. 
Recurrences of papilloma are rare and progres- 
sion to carcinoma is exceedingly rare [86, 87]. 


Inverted Urothelial Papilloma 


This lesion is, by definition, an endophytic mass 
that shares several features with exophytic urothe- 
lial papilloma. Histologically, these tumors usu- 
ally exhibit a trabecular arrangement of tumor 
cells into the lamina propria, accompanied by a 
smooth urothelial surface. The trabeculae are 
orderly with uniform width but also show marked 
branching and anastomosis. Squamous metapla- 
sia without keratinization may be seen. Inverted 
papillomas have a low risk of recurrence when 
completely excised. Rarely, hybrid cases exist 
with portions of the lesion being endophytic and 
others exophytic. They may be seen in patients 
with a history of urothelial carcinoma, and rarely, 
urothelial carcinoma may arise within inverted 
urothelial papilloma. 
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Papillary Urothelial Neoplasm of Low 
Malignant Potential (PUNLMP) 


This term describes a papillary urothelial neo- 
plasm with an orderly arrangement of cells within 
papillae with minimal architectural abnormalities 
and minimal nuclear atypia (Fig. 6.5). In com- 
parison with papillomas, PUNLMPs typically 
have thicker urothelium at low magnification 
without architectural abnormalities. The cells 
composing PUNLMPs are uniform and identical 
to each other, maintaining an orderly arrange- 
ment. They may be enlarged and more crowded 
compared to adjacent normal urothelium. There 
is no (or minimal) nuclear atypia with fine chro- 
matin and absent to inconspicuous nucleoli. 
Nuclear grooves may be seen and mitoses are 
infrequent and usually limited to the basal layer. 
PUNLMPs may occasionally exhibit inverted 
growth pattern. When strictly defined, PUNLMP 
is not associated with invasion or metastasis. 
Nevertheless, these patients are at risk of devel- 
oping new bladder tumors, usually of similar his- 
tology [88—90]. Subsequent lesions may manifest 
as urothelial carcinoma in 7—10% of cases, so 
follow-up of the patient is warranted. The 
PUNLMP category avoids overdiagnosis of can- 
cer but also avoids a completely benign diagnosis 
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Fig. 6.6 Noninvasive papillary urothelial carcinoma, low grade. A papillary neoplasm with minimal architectural dis- 


order and mild cellular atypia and pleomorphism 


such as papilloma. The introduction of this entity 
to the current WHO/ISUP classification, how- 
ever, has been criticized [91]. Some have argued 
that all papillary tumors should be dichotomized 
into low-grade neoplasms vs. high-grade carci- 
noma [89]. These arguments were supported by a 
few studies that demonstrated a low level of 
agreement in the histological distinction between 
PUNLMP and low-grade carcinoma or no 
significant difference in prognosis between these 
two categories [82, 84, 92]. On the other hand, 
more and larger studies have shown that PUNLMP 
has a distinct risk of recurrence intermediate 
between papillomas and low-grade papillary car- 
cinomas, and a lower risk of progression than 
low-grade carcinomas [89]. 


Low-Grade Noninvasive Papillary 
Urothelial Carcinoma 


Low-grade carcinomas maintain an overall 
orderly appearance but exhibit architectural or 
cytologic atypia that is easily recognizable at 
scanning magnification (Fig. 6.6). Papillae are 
slender and frequently branched and may show 
fusion with adjacent papillae. Variability in polar- 
ity, nuclear size, shape, and chromatin texture are 
minimal but comprise the hallmarks of the cyto- 
logic atypia seen in low-grade papillary urothe- 


lial carcinoma. Mitotic figures are infrequent. 
Although mitoses may be seen at any level of the 
urothelium, they are not atypical and usually are 
limited to the lower half. Fusion of papillae and 
examination of tangentially sectioned tumor may 
lead to erroneous overgrading of these lesions as 
high-grade carcinoma. These tumors frequently 
recur and have a low (<5%) risk of progression. 


High-Grade Noninvasive Papillary 
Urothelial Carcinoma 


High-grade carcinomas are characterized by a 
disorderly appearance and exhibit marked archi- 
tectural and cytologic abnormalities easily recog- 
nizable at low magnification (Fig. 6.7). Cellular 
pleomorphism ranges from moderate to marked, 
and mitotic figures, including atypical forms, are 
frequently seen at all levels of the urothelium. 
The thickness of the urothelium varies consider- 
ably and tumor cells may be discohesive result- 
ing in denudation of the mucosa. They are 
commonly associated with invasive carcinoma at 
the time of initial presentation and the adjacent 
mucosa may show evidence of carcinoma in situ. 
The Progression rate varies from 15 to 40%, 
much higher than low-grade lesions. 

In a papillary urothelial neoplasm with vari- 
able histology, the tumor should be graded 
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Fig. 6.7 Noninvasive papillary urothelial carcinoma, high grade. Neoplastic cells with marked pleomorphism, hyper- 


chromasia, and disorder 


according to the highest grade, although it is not 
uncommon for minuscule areas of higher grade 
morphology to be ignored in a tumor with an 
overwhelming low-grade component. It is yet to 
be determined how significant a minor compo- 
nent must be in order to have an impact on the 
prognosis of low-grade tumors. 


Urothelial Carcinoma with Lamina 
Propria Invasion 


The assessment of the depth of invasion of urothelial 
carcinoma is of paramount importance as it has 
prognostic considerations and greatly impacts 
treatment. The histology of invasive urothelial carci- 
noma has no specific features and shows cohesive 
nests of cells with moderate to abundant cyto- 
plasm and large hyperchromatic nuclei. Nuclear 
pleomorphism is common with irregular nuclear 
contours, occasionally prominent nucleoli, and 
readily identifiable mitotic figures. 

Descriptors of T1 bladder cancer may be con- 
fusing. In an effort to distinguish T1 disease from 
noninvasive or “superficial” tumors, the term non- 
muscle-invasive bladder cancer (NMIBC) has 
been popularized. However, this newer terminol- 
ogy may cause confusion for pathologists since 


Table 6.3 Morphologic criteria to determine invasion 
into lamina propria 
Histologic grade 

Invasion more common in high-grade lesion 
Characteristics of the invading epithelium 

Irregular nests or single infiltrating cells 

Irregular or absent basement membrane 


Irregular invasive nests with more cytoplasm than the 
overlying noninvasive component (paradoxic 
differentiation) 


Characteristics of stromal-host reaction 
Presence of retraction artifact 
Presence of stromal desmoplasia or myxoid stroma 
Inflammatory reaction 


the term “muscle invasion,” when used without 
further qualification, does not distinguish between 
invasion of the muscularis mucosae and the mus- 
cularis propria. Most agree that the term 
“superficial bladder cancer” should not be used 
as it groups three biologically different lesions: 
CIS, noninvasive papillary neoplasia, and 
carcinoma with lamina propria invasion. 
Currently, NMIBC is used widely in clinical cir- 
cles, referring to early stage tumors that have not 
invaded the muscularis propria. 

There are several morphologic criteria useful 
in the determination of lamina propria invasion 
(Table 6.3). The presence of urothelial nests, 
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Fig. 6.8 Invasive urothelial carcinoma. (a) Invasion 
into superficial lamina propria. Irregular clusters of 
tumor cells with abundant eosinophilic cytoplasm are 


clusters, or single cells within the lamina propria, 
sometimes with prominent retraction artifact, is 
characteristic. The invasive tumor cells may show 
abundant eosinophilic cytoplasm at the advanc- 
ing edge of the infiltrating nests (Fig. 6.8a, b). 
Another feature of invasive tumor is the presence 
of associated desmoplastic or inflammatory 
stromal response. Invasive tumors are invariably 
high grade and only a small minority is of low- 
grade morphology, but the outcome of these 
tumors is determined by their stage not grade. 
Assessing lamina propria invasion may be 
difficult and problematic with lack of reproduc- 
ibility among pathologists [77, 93-95]. Some of 
the factors that contribute to pitfalls in the diagno- 
sis of lamina propria invasion include tangential 
sectioning and poor orientation of tumor speci- 
men, thermal or cautery artifact that may produce 
severe distortion of the specimen, and intense 
inflammation that may obscure isolated tumor 
cells or nests of invasive tumor. Urothelial carci- 
noma in situ involving von Brunn nests may 
appear as if invading the lamina propria [96, 97]. 
Additionally, when limited to the lamina propria, 
urothelial carcinoma with deceptively bland mor- 
phology (such as microcystic carcinoma nested 
variant of urothelial carcinoma) may make the 
identification of lamina propria invasion very 
difficult, which may be overlooked instead for a 
benign entity such as von Brunn nests and prolif- 
erative cystitis [98—100]. Special attention should 


seen. (b) Invasion into deep lamina propria. Irregular 
tumor clusters and nests surrounding muscularis muco- 
sae and large vessels of the deep lamina propria 


be paid to the general features of the tumor to 
assess invasion such as cytologic atypia, infiltrative 
architecture, desmoplasia, and architectural com- 
plexity, especially since these changes may be 
subtle in superficial biopsies [97]. 

Overdiagnosis of vascular invasion may com- 
plicate the assessment of invasion in urothelial 
carcinoma since invasion into lamina propria is 
usually associated with retraction artifact of the 
stroma, which can be easily misinterpreted as 
lymphatic or vascular invasion. Because of this, 
data on the impact of vascular invasion in urothe- 
lial carcinoma are conflicting and may be difficult 
to interpret [97]. 

Attempts to subclassify T1 tumors based on 
their depth of invasion may be difficult because 
of the variability in tumor specimen. It may be 
feasible in cases with well-delineated anatomic 
landmarks used for subclassification, including 
muscularis mucosae or distinctive large vessels 
in the deep lamina propria. These landmarks, 
however, are not always easily identified in tran- 
surethral resection or biopsy specimens and such 
assessment may become difficult [97, 101, 102]. 
Nonetheless, when possible, some assessment of 
the extent of invasion should be provided in the 
pathology report. But before substaging of pT1 
tumors becomes required in routine practice, 
more work is necessary to arrive at criteria that 
can be universally adopted and applied to all tran- 
surethral resection and biopsy specimens [8]. 


6 Non-Muscle-Invasive Low- and High-Grade Neoplasia 


127 


Carcinomas with Divergent (Aberrant) 
Differentiation 


Urothelial carcinomas, particularly high-grade 
tumors, may show divergent differentiation. This 
feature is seen primarily in invasive and advanced 
tumors but may occasionally be present in nonin- 
vasive tumors as well. Different morphologic 
variants have been reported including glandular, 
villoglandular papillary (adeno), micropapillary, 
small cell, and plasmacytoid [103-105]. A num- 
ber of noninvasive squamous lesions have been 
reported in the bladder including keratinizing 
squamous metaplasia, verrucous squamous 
hyperplasia, squamous papilloma, condyloma 
acuminatum, and squamous cell carcinoma in 
situ [106, 107]. Most of these lesions, however, 
were associated with subsequent or concurrent in 
situ or invasive squamous carcinoma or carci- 
noma with squamous differentiation, underscor- 
ing the importance of following these lesions 
closely. In a series of 300 consecutive cystecto- 
mies performed at Memorial Sloan-Kettering 
Cancer Center, 27% of cancer-bearing specimens 
contained some form of divergent differentiation. 
This incidence, however, was lower in transure- 
thral resection specimens at approximately 7%. 
When divergent differentiation is seen together 
with usual urothelial carcinoma, the pathologist 
should use the terminology urothelial carcinoma 
with _____ differentiation, inserting the type of 
differentiation observed. 


Disease Management 
Endoscopic Management 


Patients with any combination of abnormal 
findings on physical examination, cytology, imag- 
ing, or cystoscopy require further assessment. In 
most cases, this entails endoscopic tumor resec- 
tion and bimanual examination under anesthesia 
under anesthesia, with or without upper tract with 
or without upper-tract evaluation as dictated by 
intraoperative findings and the patient’s previous 
workup. At the time of endoscopic assessment, a 


bimanual pelvic bladder examination should be 
performed in all patients, particularly those with 
large and/or suspected invasive tumors. Palpable 
masses are associated with a high probability of 
extravesical tumor extension, and bladder fixation 
usually indicates inoperability and need for sys- 
temic therapy. 

Transurethral resection of a bladder tumor is 
the initial step in therapy for any visible lesion 
found on cystoscopy. The TURBT is both diag- 
nostic and therapeutic in that it provides tissue 
for pathologic diagnosis and also removes any 
visible tumor. In most cases, complete eradica- 
tion of the tumor through a combination of resec- 
tion and fulguration is the goal. For large tumors, 
or tumors in poorly accessible locations, such as 
the anterior wall, staged resection may be 
required. For patients with high-volume, high- 
grade lesions who will clearly need a cystectomy, 
total eradication of disease may be impossible 
and/or unnecessary. Still, the tumor must be ade- 
quately sampled to provide pathologic parame- 
ters that will influence therapeutic 
decision-making, including grade, depth of inva- 
sion (if any), histology, and presence of lympho- 
vascular invasion. For patients who are not 
candidates for cystectomy, a complete resection 
of large tumors should be attempted if the patient 
is to receive subsequent chemoradiation as this 
may improve the response to therapy. Other set- 
tings in which complete resection may not be 
accomplished include medical instability and 
substantial risk of bladder perforation. 

At the time of TURBT, directed biopsies may 
also be appropriate. Areas suspicious for CIS can 
be biopsied with cold-cup biopsy forceps. In 
patients with positive cytology without visible 
disease, or with multifocal CIS, the prostatic ure- 
thra should be sampled with a resectoscope [108]. 
Random bladder biopsies may be helpful in the 
setting of multiple tumors, or positive cytology; 
however, they are not recommended for low-risk 
patients—i.e., those with single papillary tumors 
and negative cytology [109, 110]. 

Many patients will derive additional benefit 
from a restaging TURBT. This is most often per- 
formed within 4—6 weeks of the initial resection. 
Restaging TURBT may detect residual disease in 
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26-83% of cases [111]. For high-risk tumors, a 
second resection shows worse prognostic findings 
in roughly 20% of cases, and changes treatment 
decisions in ~30% of cases [112, 113]. Many 
experts recommend restaging TUR for all patients 
with T1 and HG Ta disease [4, 10]. Given the 
prognostic implications of upstaging from Ta to 
T1, re-resection is also recommended when 
pathology results are equivocal or when lamina 
propria invasion is uncertain. 

Restaging TURBT for T1 lesions becomes 
even more important if there is no muscularis 
propria identified in the initial resection. Dutta 
and colleagues found that there is a 64% risk of 
understaging for T1 lesions when no muscle is 
present in the specimen compared with a 30% 
risk when muscle is present [114]. Because the 
presence of muscularis propria in the specimen is 
so important for accurate staging, a sample of the 
tumor base should be procured as a distinct speci- 
men after the bulk of the tumor has been resected. 
This technique may facilitate identification of 
muscularis propria and can be especially helpful 
with large, high-grade appearing lesions. 

The findings on restaging TURBT may be 
predictive of future recurrence. Patients with T1 
tumor on restaging evaluation have a ~80% risk 
of progression within 5 years. These patients are 
ideal candidates for early cystectomy [115]. As a 
result, the authors restage all T1 tumors with the 
exception of those in patients opting for immedi- 
ate cystectomy. Another benefit to restaging is 
that it improves the initial response to Bacillus 
Calmette-Guérin (BCG) therapy. A 2005 study 
by Herr compared response to BCG after a single 
TUR to response following a restaging TUR. 
Patients in the latter group had a lower incidence 
of residual or recurrent tumor at first cystoscopy 
and a lower incidence of disease progression with 
3 years of follow-up [116]. 

Knowing the advantages of restaging TURBT 
for T1 tumors, one may consider the role of re- 
resection for Ta tumors. The data are less clear in 
this situation, but these tumors can be under- 
staged in up to 40% of high-risk patients [117]. 
Those tumors that may be good candidates 
include bulky lesions, particularly HG tumors. 
Muscularis propria should be adequately sampled 
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in this setting. For low-volume Ta tumors, the 
choice to re-resect remains a matter of clinical 
judgment. In the setting of recurrent LG disease, 
gross resection without evidence of lamina pro- 
pria invasion is often sufficient without the pres- 
ence of muscularis propria, in part due to the low 
risk of tumor progression. In this setting, the 
resectionist must weigh the costs and risks of a 
second surgery with the potential benefit, which 
is diminished for low-volume LG Ta disease. 

Other important findings in a TURBT speci- 
men or biopsy include the presence of divergent 
or mixed or aberrant histologies. The presence of 
mixed histology is associated with a higher inci- 
dence of muscle invasion at TURBT and extra- 
vesical extension at cystectomy [118]. Although 
this is seen uncommonly in noninvasive tumors, 
one must consider the implication in T1 disease. 
Complete resection is essential, if feasible, as the 
response of these histologic variants to intravesi- 
cal agents is uncertain. Reports of mixed histolo- 
gies should therefore prompt re-resection, and 
potentially aggressive treatment. The authors 
consider early cystectomy in T1 patients with 
micropapillary, squamous, sarcomatoid, or glan- 
dular tumors and also in those with aggressive 
(nested or inverted) growth patterns in view of 
the aggressive nature of the clinical course 
[119-123]. The rare patient with small cell carci- 
noma in a T1 lesion should be considered for sys- 
temic chemotherapy [124, 125]. 


Intravesical Therapy 


Following definitive TURBT, further therapeutic 
planning is based on tumor characteristics. 
Cystectomy with or without neoadjuvant chemo- 
therapy is the standard treatment for those with 
muscle-invasive disease. However, for the major- 
ity of patients with NMIBC, the next step is adju- 
vant intravesical therapy aimed at decreasing the 
risk of tumor recurrence, and possibly progres- 
sion. The type and duration of therapy depends 
on the characteristics of the patient and the tumor. 
Most intravesical therapy can be classified into 
two broad categories, immunotherapy and 
chemotherapy. Table 6.4 summarizes the mecha- 
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Table 6.4 Summary of intravesical therapies 
Primary efficacy* (absolute 

Intravesical % reduction in recurrence Cystitis [128] | Other side effects 

therapies Mechanism of action vs. TURBT alone) (%) [128] (%) 

Chemotherapeutic agents 

Mitomycin C Antibiotic; inhibits DNA 3-18 [2, 127] 30-40 Rash (8-19), 
synthesis contracted bladder (5) 

Thiotepa DNA alkylating agent; 12 [127] 10-30 Myelosuppression 
crosslinks nucleic acids (8-19) 

Gemcitabine Deoxycytidine analog; 2 [126] Mild Occasional nausea 
inhibits DNA synthesis 

Doxorubicin Intercalating agent; inhibits 15 [127] 20-40 Fever, allergy (~5) 
DNA synthesis 

Epirubicin Intercalating agent; inhibits 12 [127] 10-30 Contracted bladder 
DNA synthesis rare 

Immunomodulatory agents 

BCG Inflammatory host response, 24—42 [2, 127] 60-80 Serious infection (5) 
cytokine release 

Interferon Lymphocyte activation, 8 [129] <5 Flu-like symptoms 


cytokine release, also 
antiproliferative and 
antiangiogenic actions 


(20) 


*Defined as the total percent of patients free from recurrence following TURBT + intravesical therapy minus the percent 
of patients free from recurrence after TURBT alone. Length of follow-up, patient, and tumor characteristics vary 
between studies making statistical comparisons between studies not appropriate, with the exception of those reported 


by the original authors [128] 


nisms of action, side effects, and primary efficacy 
of common agents [2, 126-129]. 

Intravesical chemotherapy exposes the tumor 
to high drug concentrations, while avoiding sys- 
temic effects. A number of chemotherapeutic 
agents have been used intravesically including: 
doxorubicin, epirubicin, thiotepa, gemcitabine, 
and mitomycin C (MMC). For most clinicians, 
mitomycin is the agent of choice for primary 
intravesical chemotherapy due to its low cost 
and its high molecular weight, which results in 
minimal systemic absorption and a low side-ef- 
fect profile. 

Intravesical chemotherapy has an added 
benefit when used in the perioperative setting. In 
a meta-analysis of seven randomized controlled 
trials with a median follow-up time of 3.4 years, 
Sylvester and colleagues demonstrated a 37-48% 
reduction in the risk of recurrence when a single 
postoperative dose of intravesical thiotepa, epiru- 
bicin, pirarubicin, or MMC was instilled within 


24 hours of TURBT. Efficacy was similar among 
the chemotherapeutics studied, and unfortunately, 
there was no indication that any of the drugs 
decreased the risk of progression [130]. A recent 
study evaluating a single dose of postoperative 
gemcitabine found that it was not superior to pla- 
cebo in terms of recurrence-free survival [126]. 
Perioperative therapy is contraindicated in cases 
of suspected bladder perforation or extensive 
tumor resection because of the risks of chemical 
cystitis, systemic absorption, and extravesical 
extravasation. 

Intravesical immunotherapy is another effec- 
tive means of reducing recurrence of NMIBC. 
Bacillus Calmette-Guérin is the most widely 
used intravesical immunotherapeutic agent. This 
is an attenuated mycobacterium, initially devel- 
oped as a tuberculosis vaccine. Multiple strains 
of BCG exist and are used for treatment of 
NMIBC. These include Connaught, Tice, 
Armand, Frappier, Pasteur, Tokyo, and RIVM 
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[10]. Administration of BCG results in an exag- 
gerated local immune response. The antineoplas- 
tic mechanism of action is not entirely understood, 
but is thought to be related to activation of cell- 
mediated cytotoxic mechanisms [131]. 

Rarely, BCG can be used to treat residual 
tumor after incomplete resection of papillary 
tumors in patients that will not tolerate another 
endoscopic procedure. Success rates for treat- 
ment of local tumor are roughly 60% [132]. Much 
more frequently, BCG is used either to treat CIS, 
since the nature of this lesion prevents endoscopic 
resection, or as prophylaxis in patients that have 
undergone complete TUR. In the treatment of 
CIS, a complete response rate of 70% can be 
expected, although only 64% of those complete 
responders will have a durable response at 5 years 
[133]. By 10 years, however, only 30% will 
remain disease free [134], indicating the impor- 
tance of continued surveillance. 

Maintenance BCG administration can delay 
recurrence following complete resection of Ta 
or T1 lesions. The best results are seen when 
patients undergo an initial induction course of 
BCG followed by maintenance therapy. The 
efficacy of regimens containing induction and 
maintenance therapy was recently demonstrated 
in a meta-analysis of 25 studies including a 
total of 4,767 patients [135]. The ideal dosing 
schedule for induction and maintenance courses 
has not yet been determined. Some of the best 
results to date have been reported by the 
Southwest Oncology Group (SWOG), using a 
induction course of 1 instillation per week for 6 
weeks followed by three weekly instillations at 
3, 6, 12, 18, 24, and 36 months from the initial 
induction. Median recurrence-free survival was 
76.8 months for those receiving induction and 
maintenance therapy compared with 35.7 
months for those receiving induction therapy 
alone [136]. 

The effects of BCG on progression have been 
less clear-cut, with some studies showing a 
decrease in progression and some studies show- 
ing no effect. However, two recent meta-analyses 
have found reductions in the risk of progression 
of more than 20% when patients receive both 
induction and maintenance BCG [32, 137]. 
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Neither study was able to demonstrate a survival 
advantage. 

Interferon-alpha is another form of intravesi- 
cal immunotherapy. As a primary treatment, it is 
both less effective and more expensive than BCG 
[138]. However, there is evidence showing that 
the combination of the two drugs may be superior 
to either drug alone, and that using the two drugs 
together could allow for BCG dose reductions, 
thereby decreasing side effects while preserving 
efficacy [139]. Further studies are necessary to 
confirm these observations. 

BCG can be poorly tolerated. As high as 
70-90% of patients treated with BCG will expe- 
rience some level of toxicity [2, 108, 140]. The 
majority of this toxicity is associated with the 
immunostimulatory effects of BCG. This most 
often results in lower urinary tract symptoms 
such as dysuria, urgency, and frequency, and can 
also manifest as mild systemic symptoms such as 
fatigue, malaise, and low-grade fever [2, 140]. 
Severe local complications such as bladder con- 
tracture and severe systemic complications such 
as BCG sepsis can also occur. Fortunately, these 
complications are rare, and the vast majority of 
adverse reactions to BCG are manageable Grade 
I and II toxicities [108, 131, 141, 142]. 

Because BCG is given over a prolonged time 
period, with many patients receiving multiple 
maintenance courses, studies have also looked at 
the timing of BCG toxicity. A 2003 meta-analysis 
by Bohle et al. showed no difference in toxicities 
between those receiving BCG induction and 
maintenance and those receiving an induction 
course only [131]. The European Organization 
for Research and Treatment of Cancer (EORTC) 
phase III study of maintenance BCG showed that 
patients experienced the majority of side effects 
during induction and the first 6 months of main- 
tenance therapy, and that there was no increase in 
side effects with further therapy [143]. While the 
majority of BCG complications are manageable, 
they are still irritating enough to patients to cause 
a considerable number to discontinue therapy. In 
the phase IHI EORTC trial previously cited, 20.3% 
of patients treated with BCG stopped therapy 
because of side effects [143]. In a Southwest 
Oncology Group study only 16% of patients were 
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able to tolerate the full maintenance regimen of 
eight courses over a 3-year period [136]. 

To minimize the symptoms associated with 
BCG maintenance, clinicians must be prepared to 
reduce the dosage relatively quickly after symp- 
toms begin. A 2002 study by the Spanish 
Oncology Group (CUETO) evaluating standard 
dose BCG (81 mg) and 1/3 standard dose (27 mg) 
showed no significant differences in recurrence 
(28% vs. 31%) or progression rates (11.5% vs. 
13.3%) between the two groups, except in the 
case of multifocal tumors, where the standard 
dose was superior. There was also a suggestion of 
lower recurrence rates for other types of high-risk 
tumors with the standard dose, although this did 
not reach statistical significance. The reduced- 
dose was better tolerated, with fewer patients in 
that group requiring a treatment delay or with- 
drawing, and with a larger percentage of reduced- 
dose patients reporting no toxicity. However, 
severe systemic toxicity was not significantly dif- 
ferent between the two groups. The authors con- 
cluded that patients with high-risk tumors should 
still receive full-dose treatment, but that reduced 
dose treatment would be acceptable for low- to 
intermediate-risk tumors and for maintenance 
regimens [144]. CUETO also evaluated further 
dose reduction to 1/6 the standard dose. However, 
this was less effective than 1/3 dose BCG against 
intermediate-risk bladder cancer [145]. Other 
groups have reported decreased toxicity and 
equivalent efficacy with a regimen employing 
longer intervals between doses of BCG during 
the induction therapy [146]. As the studies previ- 
ously discussed were conducted in Europe where 
BCG vaccination against tuberculosis is com- 
mon, there is some question as to how well these 
studies translate to the BCG-naive North 
American population [10]. 

Numerous studies have compared the efficacy 
and side effects of MMC and BCG in preventing 
recurrence of Ta or T1 urothelial carcinoma. A 1995 
SWOG study randomized 377 patients with Ta or 
T1 bladder cancer to receive adjuvant BCG or 
MMC after TURBT. Patients in the BCG arm 
had a significantly higher recurrence-free sur- 
vival than those treated with MMC. Patients in 


the BCG group also experienced more side 
effects, although no grade 4 (life-threatening) 
toxicity was seen in either arm [142]. Similar 
findings have been observed in other randomized 
trials and in large meta-analyses. A meta-analy- 
sis by Bohle et al. evaluated 11 trials including 
2,749 patients comparing BCG to MMC for 
treatment of NMIBC. A significantly lower rate 
of recurrence in the BCG group (38.6%) com- 
pared to the MMC group (46.4%) was observed 
at 26 months of follow-up. However, patients in 
the BCG group (53.8%) were more likely to 
experience cystitis than patients in the MMC 
group (39.2%). An independent meta-analysis 
by Shelley et al. demonstrated a 31% decrease in 
the risk of recurrence for those patients receiving 
BCG compared to those receiving MMC for 
high-risk NMIBC. The incidence of local and 
systemic toxicity was, again, higher in the BCG 
group [147]. 

A follow-up meta-analysis reviewed nine ran- 
domized trials encompassing 2,410 patients to 
assess tumor progression in the setting of adju- 
vant BCG or MMC after TURBT [137]. At a 
median follow-up of 26 months, there was no sta- 
tistically significant difference in progression 
rates. However, subset analysis was performed in 
five studies that utilized maintenance therapy. 
Within the subgroup receiving maintenance ther- 
apy, the relative risk of progression was 
significantly lower in patients treated with BCG 
than for those receiving MMC [137]. 

Studies have also demonstrated that BCG is 
superior to chemotherapy for the treatment of 
CIS. A meta-analysis by Sylvester et al. showed 
a complete response in 68.1% of CIS patients 
treated with BCG and a 51.5% response in those 
treated with chemotherapy (including MMC), 
corresponding to a 47% decrease in the odds of 
treatment failure for BCG patients compared to 
those on chemotherapy [148]. At a median fol- 
low-up of 3.6 years, a greater recurrence-free sur- 
vival was observed in the BCG cohort (46.7%), 
compared with patients receiving chemotherapy 
(26.2%). Subgroup analysis demonstrated even 
greater efficacy for BCG when a maintenance 
strategy was utilized [5, 148]. 
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Decisions regarding the type and duration of 
intravesical therapy must consider patient char- 
acteristics and the risk of tumor recurrence and 
progression. In an effort to better quantify these 
issues, the EORTC developed a system of risk 
stratification derived from data from seven differ- 
ent EORTC trials that included 2,596 patients 
with NMIBC [149]. A scoring system was devel- 
oped to incorporate several clinical and patho- 
logic factors: number of tumors, tumor size, prior 
recurrence rate, T-stage category, presence of 
CIS, and tumor grade. Using these criteria, 
patients are stratified by risk, and probabilities of 
recurrence and progression at | and 5 years are 
calculated. These tables can be a useful tool for 
educating patients, informing treatment deci- 
sions, and devising surveillance strategies [149]. 

Despite the large body of evidence showing 
the benefits of intravesical therapy in appropriate 
patients, studies show that intravesical therapy is 
underutilized. Data from the Surveillance, 
Epidemiology and End Results (SEER) Program 
2003 Bladder Cancer Patterns of Care project 
showed that only 42% of high-risk bladder can- 
cer patients in the studied population received 
intravesical therapy [150]. In an effort to help 
guide the use of intravesical therapy for NMIBC, 
both the American Urological Association (AUA) 
and the European Association of Urology (EAU) 
have released guidelines evaluating the existing 
evidence and providing treatment recommenda- 
tions. There is agreement between the two orga- 
nizations about the major principles of therapy 
including: (1) the use of a single perioperative 
dose of chemotherapy for low-risk patients; (2) 
intravesical chemotherapy or immunotherapy for 
intermediate-risk patients; (3) induction and 
maintenance BCG for high-risk patients; and (4) 
consideration of cystectomy for those at highest 
risk, including BCG failures. Presentation of 
these treatment options differs, with the AUA 
presenting recommendations in terms of a set of 
“index patients,’ and the EAU presenting its 
guidelines in terms of risks groups based on the 
aforementioned EORTC risk calculator. 
Tables 6.5 and 6.6 summarize recommendations 
from these organizations for specific clinical sce- 
narios [2, 151]. 
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Table 6.5 Summary of AUA recommendations for treat- 
ment of non-muscle-invasive urothelial carcinoma [2] 


Tumor type 
Small volume, LG Ta 


Recommended treatment options 


Single perioperative dose of 
intravesical chemotherapy 


Large volume, Induction BCG (or MMC) 
multifocal LGTa or 
recurrent LGTa 


HG Ta or T1 +/— CIS Repeat resection 


Induction and maintenance BCG 


Recurrent T1, CIS; or Consider radical cystectomy 
high-risk T1 


Table 6.6 Summary of EAU recommendations for treat- 
ment of non-muscle-invasive urothelial carcinoma [151] 


Risk group Recommended treatment options 


Low-risk tumors Single perioperative dose of 
intravesical chemotherapy 
Intermediate-risk 


tumors 


Repeat resection 
Induction intravesical chemo- or 
immunotherapy 


High-risk tumors Repeat resection 

Induction and maintenance BCG 
(21 year) 

Highest risk tumors, 
or BCG failure 


Consider radical cystectomy 


Management of Recurrent 
or Refractory Disease 


Up to 70% of NMIBC will recur. The majority 
of recurrences develop within 2 years after the 
initial treatment; however, late recurrences and 
tumor progression occur frequently, thus, care- 
ful long-term surveillance is necessary [152]. 
The presence or absence of recurrence at the 
first follow-up cystoscopy (3 months after resec- 
tion) may have prognostic implications. A nega- 
tive cystoscopic assessment at this time period 
has been associated with a decreased risk of 
recurrence and progression 5 years after treat- 
ment [153]. Although patients with early recur- 
rence tend to have a more aggressive course, 
patients with late recurrences, more than 2 years 
after initial treatment, are still likely to suffer 
future recurrences and thus require definitive 
therapy [154]. 

The treatment paradigm for management of a 
recurrent tumor mirrors the management of 
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primary tumors—i.e., endoscopic resection and 
appropriate imaging with subsequent treatment 
based on histology, tumor staging, and patient 
risk. Recurrence of papillary, low-grade appear- 
ing lesions in patients with an established his- 
tory of low-grade Ta poses minimal risk of 
progression. This constitutes the one situation in 
which urologists may consider tumor ablation 
rather than resection. In this setting, manage- 
ment of small recurrences with in-office fulgura- 
tion has equivalent disease-specific survival 
compared to TUR, and spares the patient the risk 
and expense of an anesthetic. Some clinicians 
even advocate observation for these types of 
recurrence [155, 156]. 

For patients with high-risk disease, even those 
receiving BCG have a recurrence rate of 20-40%. 
Historically, BCG failure was defined broadly, 
referring to any tumor recurrence after treatment. 
More recently, there has been an effort to selec- 
tively define a patient’s response to therapy. 
Patients that progress or fail to improve despite 
BCG therapy are considered “BCG-refractory.” 
Those with recurrent or persistent tumor of a 
lesser grade or stage after initial BCG therapy are 
termed “BCG-resistant.” With retreatment, these 
tumors ultimately resolve within 6 months of ini- 
tial therapy. Patients that recur after an initial 
disease-free interval are classified as “BCG- 
relapsing.” Those that recur after an inadequate 
course of therapy, typically due to toxicity, are 
termed “BCG-intolerant” [108, 157]. 

For those failing BCG with refractory or 
recurrent high-grade disease, treatment options 
include a second course of BCG, a salvage intra- 
vesical agent, or cystectomy. Up to 35% of BCG- 
relapsing patients will have a durable response to 
a second course of BCG induction [158]. The 
efficacy of standard chemotherapeutics in BCG- 
refractory patients is somewhat less, ranging 
from 10 to 20%. Malmstrom and colleagues 
reported a 19% 3-year disease-free survival rate 
in patients receiving MMC after BCG failure 
[159]. Studies with valrubicin, an anthracycline 
similar to doxorubicin, showed only a 21% com- 
plete response rate at 6 months, and 8% at 24 
months in patients with recurrent CIS after BCG 
treatment [160]. These studies suggest that the 


efficacy of standard intravesical chemotherapy 
in BCG-refractory disease is limited [161]. 
Newer chemotherapeutics are being evaluated as 
alternative salvage therapies. A recent phase II 
trial of intravesical gemcitabine for BCG- 
refractory disease showed a 21% complete 
response rate [162]. 

Ultimately, continued use of intravesical ther- 
apies after two failed courses of BCG should be 
avoided, since the patient will suffer continued 
relapse up to 80% of the time. Patients in this 
situation should be urged to consider cystectomy 
[10]. In the setting of recurrent high-risk disease, 
there are several benefits of “early” cystectomy: 
(1) there is a high likelihood that rapidly recur- 
ring, high-risk disease will eventually progress to 
muscle invasion [163, 164], (2) a 5-10% chance 
of metastases is associated with every recurrent 
T1 tumor [165], (3) high-risk NMIBC is under- 
staged in 25-45% of cases [166], and (4) disease- 
free survival in patients who progress to muscle 
invasion is no better (and may even be worse) 
than those who present with muscle invasion 
[165, 166]. 

In some cases, the management of recurrent 
NMIBC is not straightforward. Patients with an 
initial high-grade Ta or T1 tumor may present 
with low-grade Ta disease. In these cases, a less 
aggressive treatment path may be considered as 
compared to the patient with recurrent T1 tumor. 
Consideration must be given to patient character- 
istics, the pattern of recurrence, and tumor char- 
acteristics, including tumor volume, tumor 
location, ease of resection, and histologic charac- 
teristics. If the completeness of the resection is 
uncertain, restaging TURBT should be per- 
formed. If the clinical scenario is favorable with 
a less risky recurrence, TURBT and intravesical 
therapy may be a reasonable treatment approach 
[161]. For low-grade tumors that recur after prior 
use of BCG for high-grade disease, the authors 
often utilize MMC as an adjuvant strategy. 
Aggressive, regular surveillance should be con- 
tinued in these patients, with further treatment 
decisions based on the pathology of subsequent 
recurrences. 

A more ominous situation is the patient with 
low- or intermediate-risk disease that suffers 
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grade and/or stage progression. Again, patient 
and tumor factors must be weighed, along with 
the timing of recurrence. The development of 
grade progression in those with noninvasive dis- 
ease should prompt the use of intravesical BCG 
after resection. The development of stage pro- 
gression to T1 disease is worrisome and should 
prompt a discussion about more aggressive thera- 
pies, including cystectomy and its benefits when 
delivered “early.” Progression to muscle invasion 
certainly requires radical treatment with cystectomy 
in the surgical candidate, along with a discus- 
sion about neoadjuvant systemic chemotherapy. 
Chemoradiation may be another option for the 
motivated patient desiring bladder preservation 
and also for the surgically unfit. 


Surveillance 


Due to the high risk of recurrence and progres- 
sion of NMIBC, patients with this disease are 
surveyed vigorously. Since the risk of progres- 
sion and recurrence continues over the long term, 
most patients are followed for years, or even for 
life [167, 168]. Surveillance typically entails reg- 
ular cystoscopy, periodic imaging, and urine 
cytology or other markers. Surveillance sched- 
ules have not been based in evidence, and thus 
there is variability. 

The NCCN recommends an initial 3-month 
cystoscopy and cytology for patients with papil- 
loma or LG Ta followed by regular cystoscopy at 
increasing intervals; no follow-up imaging is 
required [4]. For HG Ta, T1, CIS, and recurrent 
disease, it recommends cystoscopy every 3 
months for 2 years, every 6 months for 2 years, 
and then annually for life, with upper-tract imag- 
ing every 1—2 years. The EAU schedule is more 
relaxed. In consideration of recent data on the 
prognostic implications of a negative initial sur- 
veillance cystoscopy, the EAU suggests an initial 
3-month cystoscopy, and if negative, repeat cys- 
toscopy at 9 months, and then yearly for 5 years 
in patients with low-grade Ta tumors [151, 153]. 
Regardless of the schedule followed, surveillance 
should be tailored to the individual patient and 
tumor characteristics, with the goal being the 
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minimum amount of surveillance necessary to 
facilitate early detection of recurrence and mini- 
mize the risk of progression. 

A tailored surveillance schedule is particularly 
important for patients diagnosed with PUNLMP 
or papilloma. Multiple studies have shown that 
both recurrence and progression can occur with 
PUNLMP, but at far lower rates than with low- 
grade Ta tumors [89, 169]. Rarely is the progres- 
sion to a high-grade tumor. Thus, patients with 
PUNLMP should be followed, but on a less fre- 
quent schedule than those with low- or high-grade 
Ta lesions. When papillomas occur in isolation, 
they have a very low rate of recurrence and an 
essentially negligible risk of progression, thus 
regular surveillance is not required, particularly 
in the patient with a small, single papilloma [86, 
89]. However, papillomas may uncommonly 
occur in patients with a previous or concomitant 
diagnosis of urothelial carcinoma [89]. In such 
cases, surveillance should be dictated by the 
requirements of the bladder carcinoma. Moreover, 
the decision to survey a patient with papilloma 
may be reasonable in the case of large or multifo- 
cal disease. 


Molecular Alterations and Targeted 
Therapy 


As previously mentioned, multiple chromo- 
somal alterations have been identified that are 
associated with UC, including alterations and 
subsequent inactivation of tumor-suppressor 
genes such as p53 and RB1, activation of onco- 
genes such as those from the myc and ras fami- 
lies, and overexpression of normal genes 
encoding for growth factors and growth factor 
receptors such as ERBB1 and ERBB2?. As illus- 
trated in Fig. 6.1, UC is thought to arise from at 
least two separate mechanisms [170]. These 
mechanisms result in a heterogeneous group of 
diseases that consist of two main phenotypes, 
low-grade papillary tumor and invasive tumor 
[38]. These entities have drastically different 
biological behaviors and prognoses, as has been 
described previously. Low-grade noninvasive 
tumors are characterized by mutations in the 
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HRAS and fibroblast growth factor receptor 3 
(FGFR3) genes, while high-grade invasive 
tumors frequently have defects in the p53 and 
pRb tumor-suppressor pathways [38]. Tumor 
invasion and progression in bladder cancer 
appear to be a multifactorial process, promoted 
by microenvironmental changes (Fig. 6.1) [38]. 

Therapies targeted at these genes and their 
products are being investigated and may play a role 
in treatment of NMIBC in the future. Examples 
of targeted therapies currently being investigated 
include trastuzumab, an anti-ERBB2-related 
monoclonal antibody being evaluated for treat- 
ment of patients with muscle-invasive, urothelial 
carcinoma whose tumors overexpress ERBB-2; 
and multiple studies investigating the role of the 
tyrosine-kinase inhibitors, sorafenib and suni- 
tinib [9, 171]. 


Conclusion 


Despite advances in diagnosis and treatment, 
NMIBC remains a common disorder. Its tendency 
to recur and progress necessitates long-term fol- 
low-up and makes treatment expensive and often 
challenging. Understanding the pathology of 
NMIBC, its presentation, and its treatment will 
enable healthcare providers to give care that is 
consistent with current guidelines, yet integrate 
treatment advances in a timely and cost-effective 
manner. The economic impact of the manage- 
ment of NMIBC must be appreciated. Common 
clinical practices have been perpetuated over 
time, but are often not based in evidence. Careful 
scrutiny of disease management is necessary to 
optimally utilize effective strategies and to reduce 
surveillance or treatments that do not improve 
patient outcomes. 
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Muscle-Invasive Urothelial 
Carcinoma: Conventional 
and Variant Subtypes 
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Introduction 


Urothelial carcinoma can be subdivided primarily 
into conventional and nonconventional subtypes. 
Conventional urothelial carcinoma comprises the 
vast majority (>90%) of all forms of urinary tract 
cancer and arises from either papillary or flat in 
situ lesions. In contrast, nonconventional carci- 
noma of the urinary tract includes squamous cell 
carcinoma, adenocarcinoma, and small cell carci- 
noma, which are discussed in individual chapters 
within the text. 

Urothelial carcinoma also presents as a variety 
of “variants” [1]. These variants are generally 
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considered to represent a derivative of conven- 
tional urothelial carcinoma. Histologic variants 
comprise up to 40% of carcinomas of the renal 
pelvis [2], although exact numbers from the blad- 
der are not available. Aside from the interesting 
pathologic features associated with these vari- 
ants, differences in prognosis and treatment are 
becoming apparent. A listing of currently recog- 
nized variants is presented in Table 7.1. An over- 
view of all variants will be provided, with the 
exception of micropapillary carcinoma, which is 
discussed in a separate chapter. 

In general, variant morphology is treated in a 
similar fashion to conventional urothelial carci- 
noma, with few exceptions—micropapillary car- 
cinoma being the most critical of these. Although 
variants may occur in pure form, they are often 
admixed with conventional urothelial carcinoma. 
The importance in recognizing these variants is 
highlighted in small biopsy specimens, in which 
conventional urothelial carcinoma may be lack- 
ing and the differential diagnosis may include 
either benign entities or carcinomas arising from 
other sites. 


Clinical Presentation 


Approximately 20-30% of newly diagnosed 
patients present with muscle-invasive or advanced 
disease while the majority of new tumors are 
nonmuscle-invasive. Although in general the 
clinical behavior of noninvasive disease proceeds 
along a more benign course, up to a third of 
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Table 7.1 Urothelial carcinoma variants 


Urothelial carcinoma with squamous and/or glandular 
differentiation (“divergent differentiation”) 
Benign-appearing features 
Nested 
Small tubular/glandular 
Microcystic 
Carcinoma with distinguishing cytoplasmic features 
Clear cell/glycogen rich 
Plasmacytoid 
Rhabdoid 
Lipoid rich 
Micropapillary 
Urothelial carcinoma with trophoblastic differentiation 
Lymphoepithelioma-like carcinoma 
Sarcomatoid 
Carcinoma with stromal-associated features 
Pseudosarcomatous stroma 
Stromal osseous/cartilaginous metaplasia 
Osteoclast-type giant cells 
Undifferentiated/poorly differentiated carcinoma 
Osteoclast-rich undifferentiated carcinoma 
Giant cell undifferentiated carcinoma 


patients with nonmuscle-invasive disease prog- 
ress to muscle-invasive disease [3, 4]. 

The most common presenting symptom for 
patients with urothelial carcinoma is hematuria. 
This may be microscopic or gross hematuria, 
and up to 90-95% of patients with bladder can- 
cer have detectable hematuria, particularly when 
tested serially. Hematuria tends to be painless 
and intermittent, prompting many patients to 
ignore their initial symptoms. The bleeding may 
stop for weeks before returning, which may then 
lead to patients to seek medical attention. Most 
patients who report an episode of gross hematu- 
ria will be referred to a urologist; however, fewer 
than 40% of people found to have microhematu- 
ria by dipstick evaluation are referred for further 
workup [5, 6]. Microscopic hematuria is present 
in up to 15% of the general population; however, 
the incidence of bladder cancer overall is less 
than 1%. There is often a delay in referral for a 
definitive evaluation as initial treatment for alter- 
native diagnoses, such as cystitis or benign pros- 
tatic hyperplasia. This delay may lead to more 
extensive disease in patients with high-risk dis- 
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ease. Additional presenting symptoms include 
irritative voiding symptoms, including frequency 
and urgency, particularly when concomitant car- 
cinoma in situ (CIS) is present. Tumors may 
present with voiding obstruction particularly if 
lesions are located at the bladder neck or urethra. 
Muscle-invasive tumors may compress or 
obstruct a ureter, leading to hydronephrosis and 
flank pain. Many times, slowly developing 
obstruction can develop without symptoms. 
Distant disease can present with bone pain, 
hemoptysis, or jaundice. 

Upon referral to urology, the typical workup 
includes labs such as complete blood count, met- 
abolic panel (including creatinine) and coagula- 
tion studies, urine cytology, cystoscopy, and axial 
imaging (computed tomography (CT) or mag- 
netic resonance imaging (MRD) to evaluate the 
upper tracts. The presence of tumor in the blad- 
der then will prompt surgical management with 
transurethral resection of bladder tumor, for his- 
tologic diagnosis, including depth of invasion. If 
muscle is not present in the initial resection spec- 
imen, re-resection is indicated to conclusively 
diagnose muscle-invasion. The diagnosis of mus- 
cle-invasive disease then initiates planning for 
definitive therapy, as described as follows. 


Pathology 
Conventional Urothelial Carcinoma 


Invasive urothelial carcinoma generally arises 
from well-recognized precursor lesions, includ- 
ing high-grade papillary urothelial carcinoma or 
flat urothelial carcinoma in situ. Urothelial carci- 
noma can vary in appearance, but is generally 
characterized by nests or sheets of atypical 
urothelial cells surrounded by retraction artifact 
(Fig. 7.1). Occasionally, individual cells may be 
present. Carcinoma cells are usually medium to 
large in size and the cytoplasm is often pale to 
eosinophilic in color. Nuclear atypia varies from 
minimal to marked, with some tumors displaying 
prominent pleomorphism. Nucleoli are generally 
rare. Angiolymphatic invasion may be present in 
a subset of tumors, although it is often challenging 
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Fig. 7.1 Conventional 
urothelial carcinoma 
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Table 7.2 Immunohistochemical markers in conventional urothelial carcinoma 


Marker Function 

p63 p53 homologue 
High-molecular-weight Intermediate keratin filament 
cytokeratin 

Cytokeratin 7 Intermediate filament protein 
Cytokeratin 20 Type I keratin 
Thrombomodulin Glycoprotein 

Uroplakin III Glycoprotein 

GATA-3 T-cell enhancer binding protein 
$100-P Calcium-binding protein 

p53 Tumor suppressor 


to distinguish this finding from retraction artifact, 
unless large vessels or the periphery of the lesion 
is involved. 

In diagnostically challenging cases, immuno- 
histochemical stains may be used to determine 
the urothelial nature of the lesion, especially in 
metastatic sites (Table 7.2). The most common 
immunohistochemical stains include p63, high- 
molecular-weight cytokeratin, cytokeratin 7, 
cytokeratin 20, uroplakin III, p53, and thrombo- 
modulin. Recent work suggests that additional 
markers including GATA-3 and S100-P may also 
prove beneficial in determining site of origin [7]. 
However, no panel of markers appears to be 
entirely specific and thus metastatic lesions often 
are presented in light of a differential diagnosis. 


Urothelial carcinoma 


Localization positive (%) 
Nucleus 70-80 
Cytoplasm 90-100 
Cytoplasm 100 
Cytoplasm 50-60 
Cytoplasm 80-90 
Cytoplasm 25-40 
Nuclear 70-80 
Cytoplasm and/or nucleus 70-80 
Nucleus (mutated) 80-90 


Urothelial Carcinoma with Squamous 
and/or Glandular Differentiation 
(“Divergent Differentiation”) 


The most common variant forms of urothelial 
carcinoma are those with glandular and/or 
squamous differentiation. The reported frequency 
of these forms of urothelial carcinoma varies, but 
approximately 60% of urothelial carcinomas 
demonstrate squamous differentiation and up to 
10% of carcinomas demonstrate glandular differ- 
entiation [8]. 

Squamous differentiation consists of recog- 
nizable squamous morphology—including 
eosinophilic, glassy cytoplasm, keratin forma- 
tion, and intercellular bridges (Fig. 7.2a). 
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Fig. 7.2 Urothelial carcinoma with divergent differentiation may show (a) squamous differentiation, (b) glandular 


differentiation, or both 


Fig. 7.3 (a, b)Nested urothelial carcinoma 


Glandular differentiation may have a spectrum of 
appearances, including colonic-type glands, 
glands with abundant mucin production or signet 
ring cells (Fig. 7.2b). Historically, carcinomas 
with glandular and/or squamous differentiation 
(also termed “divergent” differentiation) have 
been considered to have worse outcomes, relative 
to conventional urothelial carcinoma [9-12]. 
However, these carcinomas appear to present at a 
higher stage and stage-for-stage comparisons 
suggest no difference in outcomes. No studies 
have specifically evaluated the role of histologi- 
cal variants in the response to adjuvant therapy, 
although response to neoadjuvant therapy appears 
to be impacted [13]. Specifically, patients with 
squamous or glandular differentiation appear to 
have improved survival following neoadjuvant 
therapy with methotrexate, vinblastine, doxoru- 
bicin, and cisplatin (MVAC). 


Nested Variant 


Less than 100 cases of nested urothelial carci- 
noma have been reported [14-19]. This variant 
represents one of the most diagnostically chal- 
lenging variants—the carcinoma is defined by 
nests of extraordinarily bland urothelial cells that 
closely mirror normal urothelium (Fig. 7.3a). 
However, irregular nests and haphazard growth 
can occasionally provide clues as to the diagno- 
sis. On superficial biopsy, this entity is especially 
treacherous, as it can closely mimic von Brunn 
nest proliferations (Fig. 7.3b). Deeper specimens 
will often reveal an infiltrative pattern with 
occasional invasion into the underlying muscu- 
laris propria. Cellular atypia is also often recog- 
nized in this deeper portion of the lesion. 
Immunohistochemical analysis reveals similar 
patterns to conventional urothelial carcinoma, 
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Fig. 7.4 Urothelial 
carcinoma with small 
tubules 


Fig. 7.5 Microcystic 
urothelial carcinoma 


including strong nuclear p53 staining. Despite 
the small number of reported cases, this variant 
appears to carry a poor prognosis, with progres- 
sive disease and metastases occurring frequently 
[14-19]. In light of this, early diagnosis and cau- 
tion on superficial biopsies by the pathologist is 
especially important. 


Small Tubular/Glandular Variant 


This variant of urothelial carcinoma consists pri- 
marily of small- to medium-sized tubules lined 
by attenuated urothelial cells with minimal atypia 
(Fig. 7.4). This variant is highly invasive and 


often presents at a high stage. Diagnostic chal- 
lenges abound on superficial biopsy and may 
potentially contribute to the poor outcomes asso- 
ciated with this variant [20, 21]. The differential 
diagnosis includes benign entities such as neph- 
rogenic adenoma and cystitis cystica. 


Microcystic Variant 


Less than 20 cases of this variant have been 
reported [22—24]. Comprised of small cystically 
dilated tubules, the microcystic variant is also 
diagnostically challenging and can mimic cystitis 
cystica (Fig. 7.5). Evidence of its malignant 
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Fig. 7.6 Clear cell/ 
glycogen-rich variant 
(image courtesy of 

Dr. Jonathan Epstein, 
Johns Hopkins Hospital) 


Fig. 7.7 Urothelial 
carcinoma with 
plasmacytoid 
differentiation 


nature is reflected in the haphazard, infiltrative 
pattern of the tubules and the variation in tubules 
size. Additional histologic features include a 
urothelial and glandular lining of the tubules, 
which may be flattened, as well as secretions that 
may become inspissated and appear targetoid or 
calcified. In general, outcomes are comparable to 
conventional urothelial carcinoma. 


Clear Cell/Glycogen-Rich Variant 
This variant has been primarily described in case 


reports and is characterized by a combination of 
morphologic patterns that include solid, papillary, 
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or tubulocystic architecture [25-29] Defining 
features include glycogen-rich, clear cytoplasm 
and high-grade cytologic features (Fig. 7.6), 
which raises the differential diagnosis of meta- 
static clear cell renal cell carcinoma and clear cell 
adenocarcinoma. Due to the low number of 
reported cases, no consensus regarding outcomes 
can be made. 


Plasmacytoid Variant 
The plasmacytoid variant demonstrates discohe- 


sive, single cells—which mimic plasma cells— 
within a loose, myxoid stroma (Fig. 7.7) [30-42]. 
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Fig. 7.8 Urothelial 
carcinoma with rhabdoid 
differentiation (image 
courtesy of Dr. Jonathan 
Epstein, Johns Hopkins 
Hospital) 


High-grade nuclear features are common and raise 
the differential of lymphoma, plasmacytoma, gas- 
tric carcinoma, lobular breast cancer, malignant 
melanoma, and rhabdomyosarcoma, among oth- 
ers. The diagnosis of carcinoma is made by immu- 
nohistochemistry for cytokeratin in combination 
with immunostains of exclusion for other entities. 
As CD138—a plasma cell marker—may be posi- 
tive in this variant, this stain should not be used in 
isolation. Most patients with this diagnosis pres- 
ent at an advanced stage, often with metastases. 


Rhabdoid Variant 


This variant is defined by large, discohesive cells 
with prominent cell borders and large vesicular 
nuclei (Fig. 7.8) [43, 44]. Eosinophilic cytoplas- 
mic inclusions are frequently identified. To dis- 
tinguish these variant carcinomas from true 
extrarenal rhabdoid tumors (which generally 
occur in the pediatric population), additional 
analysis of the INI1 gene should be performed. 
As fewer than ten cases have been reported in the 
literature, outcome data are sparse. 


Lymphoepithelioma-Like Carcinoma 


This variant derives its name from its histologic 
similarity to lymphoepithelioma of the upper 
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aerodigestive tract. In contrast to this entity, 
however, lymphoepithelioma-like carcinoma 
(LELC) is not associated with Epstein Barr virus 
(EBV) [45, 46]. Fewer than 75 cases of this entity 
have been reported in the literature [45-51]. The 
epithelial component of this tumor demonstrates 
syncytial-like growth, with cells containing 
large, vesicular nuclei and prominent nucleoli 
(Fig. 7.9). This tumor is associated with a promi- 
nent lymphoid infiltrate that primarily consists 
of nonclonal B and T cells. Some studies have 
suggested that LELC in pure form is exquisitely 
sensitive to chemotherapy as a primary therapy 
[48, 50]. Carcinomas with a predominant LELC 
component appear to have a more favorable 
prognosis than urothelial carcinoma. For lesions 
that contain an admixture of urothelial carcinoma 
and LELC, the outcomes are primarily associ- 
ated with the pathologic stage of urothelial carci- 
noma. LELC treated by cystectomy showed a 
5-year actuarial survival rate of 59%, similar to 
that of conventional, muscle-invasive urothelial 
carcinoma [46]. 


Lipoid Rich Variant 


This variant derives its name from the large, mul- 
tivacuolated carcinoma cells that contain clear 
cytoplasm and, as such, resemble lipoblasts 
(Fig. 7.10) [52]. However, in contrast to true 
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Fig. 7.9 Lymphoepithelioma-like 
carcinoma 


Fig. 7.10 Urothelial 
carcinoma with lipoid 
differentiation 


lipoblasts, true lipid is lacking by special stains 
and the cells are S100 negative, hence “lipoid” 
variant [53]. This variant is generally not found in 
pure form, but may comprise up to 50% of an 
invasive urothelial carcinoma. The outcomes asso- 
ciated with this variant are unknown due to the low 
number of cases reported in the literature (<10). 


Urothelial Carcinoma with 
Trophoblastic Differentiation 


The majority of cases of this variant consist of 
invasive high-grade urothelial carcinoma 
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admixed with trophoblastic cells (Fig. 7.11a) 
[54-58]. In general, this variant spans a spec- 
trum—from cases with few trophoblastic cells 
to those with distinct foci of choriocarcinoma- 
tous differentiation to rare cases that resemble 
true choriocarcinoma. Also included in this 
category is otherwise conventional urothelial 
carcinoma with beta-HCG immunoreactivity 
(Fig. 7.11b), which may include up to 33% of 
urothelial carcinomas [30]. A subset of these 
lesions can demonstrate increased human cho- 
rionic gonadotropin secretion and may be asso- 
ciated with gynecomastia [54-58]. The 
presence of syncytiotrophoblasts is associated 
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Fig. 7.11 Urothelial carcinoma with trophoblastic differentiation showing (a) prominent syncytiotrophoblastic 


cells and (b) beta-HCG immunoreactivity 


Fig. 7.12 Sarcomatoid 
urothelial carcinoma 


with poor outcomes, with the majority of 
patients progressing to death within | year of 
diagnosis. 


Sarcomatoid Carcinoma 
(“Carcinosarcoma’”) 


Sarcomatoid carcinoma comprises <1% of all 
bladder cancers and is defined by its spindled mor- 
phology that may readily mimic a sarcoma under 
light microscopy (Fig. 7.12) [59-68]. Risk factors 
for this variant include external beam radiation for 
prostate cancer and intravescial cyclophosphamide 
treatment [69]. Sarcomatoid carcinoma (or differ- 
entiation) may occur in conjunction with any form 


of bladder cancer; often, residual background can- 
cer may be identified, although the sarcomatoid 
component may ultimately overrun the entire 
lesion. Molecular analyses have demonstrated the 
clonal relationship between sarcomatoid carci- 
noma and background bladder cancer, supporting 
the epithelial derivation of the sarcomatoid com- 
ponent [61, 70]. Heterologous elements such as 
osteosarcoma, chondrosarcoma, rhabdomyosar- 
coma, and other sarcoma histologies may be pres- 
ent. Sarcomatoid carcinoma is often positive for 
pancytokeratin, and it has been suggested that a 
panel of immunomarkers that include pancytok- 
eratin, smooth muscle actin, desmin, Alk-1, p63, 
and high-molecular-weight cytokeratin may dif- 
ferentiate these lesions from true sarcomas [71]. 
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Fig. 7.13 Osteoclast-rich undifferentiated carcinoma showing (a) prominent multinucleated cells and (b) CD68 


immunoreactivity 


Fig. 7.14 Giant cell 
undifferentiated urothelial 
carcinoma 


Most sarcomatoid carcinomas present at high 
stage and are often associated with lymph node 
and distant metastases. Prognosis is poor, with 
70% of patients dying within 2 years of diagnosis 
[5, 59-74]. 


Osteoclast-Rich Undifferentiated 
Carcinoma 


This lesion is defined by a prominent stromal reac- 
tion to the invasive carcinoma with occasional large 
atypical mesenchymal cells that may appear osteo- 
clastic or undifferentiated in nature [75-77]. Fewer 
than 20 cases of osteoclast-rich undifferentiated 
bladder carcinoma have been reported [78, 79]. 
These lesions typically contain three components: 
(1) osteoclast-like giant cells positive for immuno- 


markers CD68, CD51, and CD54 (Fig. 7.13a, b); 
(2) mononuclear cells that show reactivity for epi- 
thelial markers; and (3) otherwise recognizable 
urothelial carcinoma. These carcinomas are con- 
sidered high-grade, aggressive cancers. In the larg- 
est series of 6 cases, 4 out of 5 patients with this 
diagnosis died of disease [79]. Similar results have 
been identified in the remainder of published cases, 
with metastatic spread common. 


Giant Cell Undifferentiated Carcinoma 


In contrast to other forms of bladder cancer with 
large “giant” cells, this variant is characterized 
by an abundance of pleomorphic, anaplastic 
giant cells that are loosely cohesive and may be 
multinucleated (Fig. 7.14) [80-82]. To date, 
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studies on outcomes are limited, but no significant 
difference in outcomes between this variant and 
conventional urothelial carcinoma has been 
described. 


Surgical Management 
Radical Cystectomy 


The mainstay of therapy for invasive, nonmeta- 
static bladder cancer is radical cystectomy (RC) 
with a thorough pelvic lymph node dissection 
(PLND). Radical surgical techniques were 
developed based on an understanding of the nat- 
ural history of the progressive pathways of inva- 
sive bladder cancer, which include local 
extension through the bladder wall into the 
perivesical tissues and subsequent regional dis- 
semination. Resection of these tissues to include 
the regional pelvic lymphatics provides a poten- 
tial curative treatment for those patients without 
distant spread. Radical cystectomy is the treat- 
ment of choice for the majority of organ- 
confined, locally invasive tumors, but select 
cases of nonmuscle-invasive cancers, regionally 
metastatic lesions, and even some select 
advanced tumors may also be optimally man- 
aged with radical cystectomy [81-89]. 


Surgical Resection 


Radical cystectomy is defined as removal of the 
bladder and surrounding structures and must be 
combined with a regional lymphadenectomy. In 
men, this entails the en bloc removal of the blad- 
der, urachus, prostate, and seminal vesicles. In 
women, completion of an anterior exenteration 
with removal of the bladder, uterus, fallopian 
tubes, ovaries, and anterior vaginal wall is com- 
pleted. A thorough pelvic lymph node dissec- 
tion should be performed in men and women 
with invasive bladder cancer undergoing either 
procedure. 

Perioperative systemic chemotherapy plays a 
role in the overall management of patients with 
invasive bladder cancer undergoing radical cys- 


tectomy but does not alter the surgical approach. 
Perioperative radiation therapy, however, may 
change the surgical approach particularly with 
respect to the extent of the pelvic lymph node 
dissection. Patients that have previously received 
definitive pelvic radiation for either bladder can- 
cer or another pelvic malignancy are likely to 
have developed a fibrotic reaction along the lym- 
phatics and vascular structures within the pelvis. 
An extended pelvic lymph node dissection in this 
setting is associated with an increased risk of vas- 
cular and nerve damage as well as long-term 
lymphedema of the lower extremities. 

Based on the classic wide excision of the blad- 
der and prostate, virtually all men are rendered 
impotent following radical cystectomy; however, 
preservation of the cavernosal nerves is surgi- 
cally feasible and, when oncologically reason- 
able, can be successfully completed. Based on 
the descriptions of Walsh and Donker, a clear 
understanding of the anatomic relationships 
between the cavernosal nerve bundles and the 
bladder and prostate exists [90]. The course of 
the neurovascular structures from the pelvic 
plexus, to the lateral tips of the seminal vesicles 
and posterior lateral aspect of the prostate gland, 
lends itself to careful preservation when no evi- 
dence of tumor is present in these regions. Initial 
reports in 1987 described the technique for neu- 
rovascular bundle preservation at radical cystec- 
tomy, which included identification of the bundles 
lateral to the seminal vesicle tips and careful dis- 
section of the bundles away from the lateral 
aspect of the prostate [91]. This allowed for liga- 
tion of the posterior vascular pedicles to the blad- 
der while preserving the neurovascular structures 
as they coursed to the corpora cavernosal from 
the pelvic plexus. Patient selection is important 
to minimize the risk of local tumor recurrence in 
the region of the nerve bundles. In addition to 
excluding patients with poor preoperative erec- 
tile function, the exclusion of any patient with 
tumor extension in the region of the posterior 
pedicles or evidence of invasion of the prostate is 
critical to ensure complete tumor resection. In 
properly selected patients, at least 45% of patients 
should be expected to maintain potency postop- 
eratively [92, 93]. 
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Excision of the urethra is dictated by preop- 
erative endoscopic and histologic information 
and the planned type of urinary diversion. Overt 
involvement of high-grade tumor of the mem- 
branous or penile urethra mandates urethrec- 
tomy. In women, the urethra is typically removed 
en bloc with the specimen unless orthotopic 
diversion is anticipated. Preoperative endoscopic 
evaluation is necessary to rule out overt urethral 
involvement and full thickness frozen section of 
the urethral margin at the time of cystectomy is 
used to histologically confirm the negative status 
of the urethral margin. Using these evaluation 
criteria, urethral recurrence risk is low and 
women can safely be offered orthotopic recon- 
struction with appropriate selection. Select cen- 
ters perform prostate-sparing cystectomy in men, 
with the intention to maximize preservation of 
the neurovascular structures that control erectile 
functions; this modality remains investigative at 
this time [94, 95]. 


Lymph Node Dissection 


Early identification of the pathways for progres- 
sion of invasive bladder cancer identified that the 
regional pelvic lymph nodes served as an early 
site of involvement. Associations between the 
extent of tumor invasion into the bladder wall and 
the risk for regional pelvic lymph node involve- 
ment were elucidated from early autopsy studies 
of patients with invasive tumors and it is from 
this information that our current staging system 
is based [96-98]. Early surgical approaches to 
invasive disease neglected the regional pelvic 
lymphatics when the bladder was resected. As a 
result, initial reports detailing outcomes after 
cystectomy were associated with a very high pel- 
vic recurrence rate, which in many cases likely 
represented progressive disease in involved pel- 
vic lymph nodes. It became clear that surgical 
approaches to the management of invasive tumors 
would require a more aggressive technique that 
included extirpation of the pelvic lymphatics 
draining the bladder [99]. 

Anatomic studies delineated the lymphatic 
drainage pathways of the bladder and provided 
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the necessary information for establishing a pel- 
vic lymph node dissection as a part of the radical 
cystectomy procedure. The primary drainage of 
the bladder forms a partial ring of pelvic lym- 
phatics that includes the hypogastric, obturator, 
external iliac, and presacral regions. The primary 
pelvic lymphatics drain into the common iliac 
lymphatics and then into the more proximal ret- 
roperitoneal nodes. These descriptions mirrored 
the drainage of the other pelvic organs and pro- 
vided guidance to pelvic surgeons treating a vari- 
ety of pelvic malignancies towards establishing a 
rational surgical approach to the regional lym- 
phatics of the pelvis [100]. 

Following the incorporation of a PLND with 
the removal of the bladder and perivesical tissues 
(radical cystectomy), initial reported outcomes in 
patients with node-positive disease demonstrated 
a very poor overall survival and a high rate of pel- 
vic recurrences. However, in more contemporary 
radical cystectomy series that incorporate a thor- 
ough pelvic lymph node dissection, approxi- 
mately one-third of all node-positive patients are 
rendered disease free [101]. Subsets of node- 
positive patients demonstrate a more favorable 
outcome and are characterized by earlier stage 
primary tumors (< pT2) and lower volume dis- 
ease at the nodal level (fewer positive nodes, 
absence of extracapsular extension) [102-105]. 

Debate continues on the extent of the PLND 
necessary to maximize patient outcome. Various 
anatomic zones have been championed as the 
“standard” dissection to be included at RC. 
Dissections range from a limited (obturator and 
hypogastic regions), “standard” (obturator, 
hypogastric, and external iliac) and extended 
(obturator, hypogastric, external iliac, common 
iliac, lower retroperitoneal nodes to base of infe- 
rior mesenteric artery). Mapping studies have 
detailed the location of the involved pelvic 
lymph nodes associated with invasive bladder 
tumors [106-108]. Extensive evidence demon- 
strates a progressive pattern of spread with ini- 
tial primary lymphatic zone involvement 
followed by more proximal zones. Although 
typically not seen in the absence of primary 
region involvement, secondary drainage region 
involvement has been identified in relatively 
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early stage disease. As depth of invasion by the 
primary tumor increases, so does the risk of sec- 
ondary regional nodal involvement. A 290-patient 
multicenter RC and extended PLND surgical 
mapping study noted that 74% of all involved 
pelvic lymph nodes (444/599 positive lymph 
nodes) lay outside of a limited template (obtura- 
tor/hypogastric regions) [106]. 

Such studies suggest that extended dissections 
would be needed in most invasive tumors to max- 
imize a complete resection of potentially involved 
nodes. Indeed series have noted an association 
between the number of lymph nodes removed 
(used as surrogate for the completeness of resec- 
tion) and disease control as measured by overall 
or disease-specific survival. To date no level 1 
evidence exists establishing the superiority of the 
extended PLND over a lesser dissection; how- 
ever, given the available data, it is the authors’ 
recommendation that a more extensive dissection 
should be included routinely to optimize staging 
and provide any potential therapeutic advantage 
associated with a more thorough dissection. 
Current American Joint Committee on Cancer 
(AJCC) guidelines suggest that a minimum of 12 
lymph nodes be evaluated to properly stage the 
regional lymphatics [109]. However this is cur- 
rently only a recommendation, does not address 
the potential therapeutic benefits of a more exten- 
sive LN dissection, and is not included in the 
staging system. 


Morbidity and Mortality Associated 
with Radical Cystectomy 


Preoperative counseling should include a dis- 
cussion of the perioperative complications that 
may occur after such a complex operation. Using 
a standardized reporting system of all outcomes 
within 90 days of cystectomy, data collected on 
1,142 patients in a high-volume tertiary-level 
center documented a 64% overall complication 
rate [110]. Notably, 58% of those complications 
occurred after hospital discharge, highlighting 
the need for morbidity tracking beyond dis- 
charge and even beyond 30 days postoperatively. 


Of the complications, 87% were low grade 
(grade 0-2), emphasizing that major complica- 
tions impact only a minority of patients who 
undergo RC. 

Donat et al. recently compared these outcomes 
by age and found that older patients (280 years 
old) had a nonsignificantly higher rate of compli- 
cations after RC compared to younger patients 
(<80 years old), with 55% minor complications 
vs. 50% and 17% major complications vs. 13% 
(p=0.15) [111]. The risk for major complica- 
tions appeared to plateau beyond age 65. Age 
alone should not be an exclusion criterion for 
offering RC. 

Given the current shift in the treatment para- 
digm toward integrated surgical and systemic 
therapy, a closer examination of the complica- 
tions in the aforementioned cohort was under- 
taken in that context. Approximately 30% of the 
patients experienced complications that could 
interfere with the timely administration of adju- 
vant chemotherapy [112], suggesting that the 
integration of chemotherapy should be consid- 
ered and discussed at the time of diagnosis and 
treatment disposition. 


Minimally Invasive Approaches 


Laparoscopy and minimally invasive surgery 
offer an alternative to open surgery, but oncologic 
efficacy and overall safety for radical cystectomy 
and urinary diversion have not yet been com- 
pletely elucidated. Laparoscopic cystectomy has 
not gained in popularity, but robotic-assisted sur- 
gery has gained traction despite a lack of adequate 
oncologic efficacy data. Individual series have 
reported the potential advantages of decreased 
operative time, decreased blood loss, decreased 
incidence of postoperative bowel effects, and 
shortened length of hospital stay [113-116]. Thus 
far, early surgeon experience and short duration 
of follow-up limit the conclusions that can be 
drawn [117]. The extent of lymph node dissec- 
tion and the technical steps involved in urinary 
diversion also present unique challenges for 
robotic-assisted approaches. 
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Multimodal Therapy 


The modern treatment paradigm integrates the 
use of systemic chemotherapy in patients with 
clinically localized muscle-invasive urothelial 
cancer who are appropriate candidates for 
definitive surgical resection, with a category 1 
recommendation for consideration in the most 
current guidelines from the National 
Comprehensive Cancer Network (NCCN) [118]. 

The natural history of muscle-invasive urothe- 
lial cancer is characterized by progressive local 
invasion, dissemination to the regional pelvic 
lymph nodes followed by distant organ involve- 
ment. Involvement of the pelvic lymph nodes and 
the development of micrometastatic disease can 
occur early in the invasive process [101, 119, 
120]. Surgery alone cures up to 80% of patients 
with organ-confined disease, 60% of patients 
with extravesical LN negative tumors, and about 
30% of those with lymph node-positive disease. 
Based on the risk of early dissemination, the par- 
adigm of primary surgical management had 
shifted to include a multimodal approach, com- 
prised of surgical resection and perioperative 
chemotherapy, either in a neoadjuvant or in a 
adjuvant fashion. Neoadjuvant chemotherapy has 
been shown to confer a significant survival advan- 
tage when compared to RC alone [121-123]. The 
International Collaboration of Trialists random- 
ized 976 patients with cT2-T4a, NO-Nx, MO 
bladder cancer to three cycles of cisplatin, meth- 
otrexate, and vinblastine or no chemotherapy 
prior to definitive treatment by RC, radiotherapy 
(RT), or both [122]. There was a 6% absolute sur- 
vival benefit at 7.4 years for those patients who 
received neoadjuvant chemotherapy. A meta- 
analysis of 2,688 patients in ten randomized trials 
established a 5% absolute survival benefit at 5 
years [124] and a 13% reduction in risk of death 
(HR 0.87; 0.78, 0.97; p=0.016). The benefit was 
across all muscle-invasive stages and was seen 
only with cisplatin-based regimens. There has a 
been a notable difference in tumor downstaging 
across multiple trials, with pTO rates of 32.5% 
and 38% after chemotherapy vs. 12.3% and 15%, 
respectively, in the control arms of the two largest 
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randomized trials [121, 122]. Complete patho- 
logic response at cystectomy is associated with 
improved long-term survival [125, 126]. 

The evidence in support of adjuvant chemo- 
therapy is less robust, but patients with adverse 
pathologic features at the time of cystectomy, 
including nodal involvement, extravesical disease 
(pT3/T4), or lymphovascular invasion, should 
undergo a discussion of the options. A meta- 
analysis of the six randomized trials using adju- 
vant chemotherapy in 491 patients showed a 25% 
relative reduction in the risk of death with adjuvant 
chemotherapy (HR 0.75; 95% CI 0.6, 0.96; 
p=0.019) with a clear call for further trials [125]. 
These analyzed trials were limited by methodolog- 
ical shortcomings and small numbers and led the 
authors of the meta-analysis to conclude that power 
to determine the efficacy of adjuvant chemother- 
apy is lacking. Current trials are ongoing to address 
this question and compare immediate adjuvant 
chemotherapy with chemotherapy at the time of 
recurrence. Poor accrual to many of the recent 
adjuvant chemotherapy studies in both Europe and 
the USA has led to their early closure. 

The timing of chemotherapy administration 
and surgery is also important to bear in mind. 
Evidence suggests a negative impact on patient 
outcome if there is a delay from time of diagnosis 
to cystectomy greater than 12 weeks, including a 
delay due to chemotherapy administration or tol- 
erance [117, 127-130]. As described previously, 
potential morbidity from surgery may interfere 
with the ability to administer adjuvant chemo- 
therapy [113] and the potential benefit of the che- 
motherapy may be compromised. Patients with 
muscle-invasive disease should be counseled on 
the risks and benefits of integrated treatment prior 
to beginning any treatment. The decision to 
administer chemotherapy must consider patient 
and disease factors, such as age, comorbidities, 
and adverse clinical features. 


Bladder Preservation 


Proper selection of patients for bladder-preserv- 
ing strategies requires consideration of multiple 
factors. A distinction must be made between 
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those for whom cystectomy would offer curative 
intent and those for whom cystectomy would be 
inadequate, due to the presence of metastatic dis- 
ease at presentation. This discussion will focus 
on those patients without metastatic disease who 
are candidates for a bladder-preserving strategy 
due to patient choice or comorbidities. 


Partial Cystectomy 


Partial removal of the tumor-bearing portion of 
the bladder has long been discussed as an option 
for managing select invasive tumors. The advan- 
tages of partial cystectomy include preserving 
overall bladder function (storage and empty- 
ing), preservation of sexual function, and a 
decreased morbidity compared to radical cys- 
tectomy and urinary diversion. The procedure 
should include a full thickness excision of the 
affected bladder wall, perivesical fat, overlying 
peritoneum, and bilateral pelvic lymph nodes. 
Initial attempts at partial cystectomy were asso- 
ciated with high rates of both local and distant 
failures significantly curtailing interest in the 
procedure [131-133]. Strict inclusion criteria 
were instituted as selection criteria for partial 
cystectomy were refined and outcomes 
improved; however, using these criteria, only 
3-10% of patients presenting with invasive dis- 
ease may be considered eligible for this approach 
[134-136]. SEER data, however, would suggest 
that a more broad use of partial cystectomy 
occurs [137]. 

Previously observed high local recurrence 
rates following partial cystectomy prompted the 
adoption of very strict selection criteria for appro- 
priate patients. Solitary tumors with no associ- 
ated carcinoma in situ and no previous history of 
bladder cancer may be considered as eligible 
candidates. The tumors must be amenable to 
resection with a 2 cm margin of normal tissue, 
limiting the optimal tumor location to regions 
away from the bladder neck and trigone. Low- 
lying tumors that would require excision of the 
ureteral orifice and ureteral reimplantation are 
not absolute contraindications for partial cystec- 
tomy, but this does increase the technical chal- 


lenges and potential complications associated 
with the procedure. 

Evaluation prior to partial cystectomy includes 
a thorough cystoscopic examination and mapping 
biopsies of the tumor and surrounding bladder. 
Location, size, and histology of the primary 
tumor are obtained. In addition bladder biopsies 
can help to identify the clear margins around the 
tumor so that intraoperatively the clear resection 
site can be visible. During the procedure the pel- 
vis is properly toweled off so as to minimize 
seeding of tumor cells into the pelvic cavity. Full 
thickness of excision of the bladder wall, perives- 
ical tissues, and overlying peritoneum must be 
achieved. A bilateral pelvic lymph node dissec- 
tion should be included with the same limits of 
dissection required for a radical cystectomy. 
Bilateral dissection is necessary based on map- 
ping data that have identified a high rate of cross- 
over nodal involvement even with strictly 
unilaterally located invasive tumors. The bladder 
is repaired in multiple layers to complete a water- 
tight closure. 

Early experience with partial cystectomy 
noted a very high bladder recurrence rate of 
29-78% [132, 138], including a 50% risk of 
developing a subsequent muscle-invasive tumor 
[139]. Seeding of the wound with subsequent 
recurrence within the incision site was also an 
observed complication (3-40%). For patients that 
relapse within the bladder, salvage cystectomy 
can be performed. Survival after salvage radical 
cystectomy is related to the final pathology of the 
bladder tumor (approximate 5-year survival: 75% 
Ta-T1, 40% T2, 20% T3, <10% T4). In contrast, 
with careful selection criteria and strict patient 
follow-up, more contemporary series have dem- 
onstrated improved outcomes after partial cystec- 
tomy. Local recurrence within the bladder ranges 
from 17 to 57%, with a similar risk of muscle- 
invasive recurrences noted. About one-fourth of 
cases that recurred within the bladder required 
salvage radical cystectomy in these series and 
those patients demonstrated a nearly 70% 5-year 
survival. Improved techniques that included care- 
fully packing the pelvis and wound led to a dra- 
matic improvement in the devastating 
complication of wound recurrences. Overall, 
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approximately two-thirds of patients in these 
contemporary series survived with their bladders 
intact [134-136]. Importantly, CIS and positive 
resection margins are predictors of severe recur- 
rences and poor overall survival. These factors 
highlight the importance of proper patient selec- 
tion and optimal tumor characteristics associated 
with disease-free outcome. 


Trimodality Therapy for Bladder 
Preservation 


Radiotherapy (RT) and the combined chemora- 
diation therapy (CRT) have been studied as thera- 
pies with bladder preservation. RT as monotherapy 
has demonstrated inferior long term survival 
when compared to RC [140]. The combination of 
RT and chemotherapy as definitive treatment has 
been studied in varying regimens with similar 
overall survival to overall patient cohorts under- 
going standard surgical therapy [141]. 

The only prospective randomized trial to 
report the comparison of radiotherapy with and 
without cisplatin-based chemotherapy [142] 
showed a decreased pelvic relapse rate after com- 
bined therapy, with 67% achieving pelvic control 
vs. 47% with RT alone (p=0.36). This study, 
with a small sample size of 99 patients, did not 
show improved survival or rate of metastatic dis- 
ease. The experience with bladder-preserving 
strategies over nearly 25 years at Erlangen 
University shows an improvement in 5-year over- 
all survival from 40% with RT alone to 60-80% 
with multimodal therapy utilizing transurethral 
resection and CRT [143]. 

At the time of transurethral resection (TUR), 
complete resection is imperative to maximize 
outcome to combined chemotherapy and bladder 
radiation. Incomplete resection has been shown 
to have a dramatic effect on survival, with 10-year 
overall survival rates of 50% with complete resec- 
tion vs. 18% for patients with macroscopically 
residual disease prior to CRT [144]. In a report of 
415 patients treated with radiotherapy or 
radiochemotherapy, resection status after TUR 
was independently predictive on multivariable 
analysis of complete remission after definitive 
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bladder-preserving treatment. Long-term data on 
348 patients treated over 16 years at Massachusetts 
General Hospital (MGH) demonstrate a complete 
response to CRT in 79% of patients with a com- 
plete TUR vs. 56% of patients with an incom- 
plete TUR (p<0.001) [141]. Up to 80% of 
patients treated with bladder preservation strate- 
gies are able to maintain their bladder long-term, 
and prospective data from the MGH experience 
using trimodal therapy have shown similar sur- 
vival between those who underwent immediate 
cystectomy for incomplete response and delayed 
cystectomy for recurrent disease [145]. 

Another imperative step is a cystoscopic sur- 
veillance and biopsy at a set timepoint after CRT, 
generally at 6 weeks following the end of therapy. 
Long-term close follow-up is imperative, due to 
the risk for relapse in the bladder. Across numer- 
ous contemporary studies, salvage cystectomy 
for recurrence is required in approximately one- 
quarter of patients [146]. The local toxicity effects 
have greatly diminished with refinements to the 
treatment modalities. From a center with more 
than 20 years of experience with bladder-preserv- 
ing strategies, Efstathiou et al. report a 7% rate of 
late pelvic toxicity from radiation among 285 
patients [147], and Zietman et al. found that 78% 
of patients have compliant bladders by urody- 
namics and fewer than 25% report irritative geni- 
tourinary or gastrointestinal symptoms [148]. 
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Micropapillary Carcinoma 


Joseph C. Klink, Andrew J. Stephenson, 
and Jesse K. McKenney 


Introduction 


Micropapillary carcinoma of the urothelial tract 
(MPC) was described by Amin et al. in 1994 as 
a morphologic variant of urothelial carcinoma 
that closely resembles the histologic appearance 
of ovarian serous carcinoma [1]. They reported 
frequent presentation with high stage disease, 
extensive vascular invasion, and lymph node 
metastasis. Numerous other clinicopathologic 
series of MPC within the genitourinary tract 
have been published, and it has become increas- 
ingly well recognized as a unique and aggressive 
carcinoma variant. To date, 358 cases of MPC 
have been reported in retrospective case series 
in the literature [1-19]. No prospective series 
or randomized trials have been published about 
this uncommon variant. These case series are 
not reported in a standardized fashion, so draw- 
ing firm conclusions from the available literature 
is difficult. 
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The incidence of MPC in urothelial carcinoma 
of the bladder is 2.6% overall, with a reported 
range of 0.7-8% [1-4, 7, 9, 14]. In our personal 
experience, at least focal areas with a micropapil- 
lary pattern are seen at cystectomy in 3-5% of 
invasive urothelial carcinomas (unpublished 
data). The male predominance is striking (approx- 
imate 7:1 male:female ratio). MPC has also been 
reported in the upper tract in 42 patients (26 in 
the renal pelvis, two in the ureteropelvic junction, 
12 in the ureter, three in the both the ureter and 
the renal pelvis) with a male:female ratio of 2.2:1 
and an overall incidence of 2.6% (range 2.3- 
2.8%) [4, 6, 8, 15]. For MPC in any location, the 
mean age of diagnosis is close to 68 years old in 
most series. The youngest patient was 22 years 
old [6] and the oldest patients were 92 years old 
(2, 14, 15]. 

MPC has been diagnosed in all stages of urothe- 
lial carcinoma, but inconsistent reporting makes 
summarizing the stage of presentation difficult. 
The majority of bladder MPCs appear clinically 
localized at diagnosis with 38% <cT1 (superficial), 
31% cT2 (muscle invasive but confined to the 
bladder), 17% cT3 (invasion of perivesicle fat), 
and 14% cT4 (invading other organs) or node posi- 
tive or metastatic [1-4, 9, 11, 14, 19]. This is in 
contrast to upper tract MPC which, based on a 
very limited number of patients, usually presents 
at somewhat more advanced stages with 10% <cT1, 
6% cT2, 65% cT3, and 19% cT4 [8, 15]. It should 
be noted that the actual distribution of stage at pre- 
sentation in the general population may be 
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significantly different than what is reported in 
several of these series that identified only patients 
who had removal of the entire organ (bladder or 
kidney/ureter), an approach which often overlooks 
cases of superficial disease as well as cases of met- 
astatic disease. 


Pathogenesis 


No reliable information is available on the patho- 
genesis of MPC because of its rarity. Since MPC 
usually arises on a background of high-grade 
urothelial carcinoma, standard risk factors for 
urothelial carcinoma such as cigarette smoking 
may play a role. A possible etiology is mentioned 
for only 16 patients out of the 358 published cases 
[7, 8]. Possible etiologies included tobacco smok- 
ing (n=13), phenacetin abuse (n=2), and external 
beam radiation 15 years prior (n= 1), but no definite 
causation can be established from this small num- 
ber of cases. The pathogenesis of MPC needs to be 
studied in a systematic and controlled manner. 


Clinical Presentation 


Gross hematuria is the most common presenting 
symptom of MPC in both the bladder and the 
upper tracts. Bladder MPC can also present with 
microscopic hematuria, urinary obstruction, dysu- 
ria, suprapubic pain, urgency, frequency, recurrent 
urinary tract infections, or suspicious findings on 
surveillance cystoscopy for prior urothelial carci- 
noma [1, 4, 9, 14]. Upper tract MPC can present 
with flank pain, microscopic hematuria, hydro- 
nephrosis, or abnormal urine cytology [6, 8]. Two 
patients presented with metastatic disease and 
were diagnosed by biopsy of an enlarged left 
supraclavicular node [4] or cervical node [8]. 


Cystoscopic/Clinical Examination 
Findings 


The diagnosis of MPC is made almost exclusively 
on pathologic examination of a surgical speci- 
men. No findings on cystoscopic or clinical 
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examination are pathognomonic for MPC. On 
cystoscopy, MPC may appear as an exophytic 
papillary tumor not appreciably different from 
standard urothelial carcinoma. In some cases, 
MPC may spread within the lamina propria and 
be undetectable by cystoscopy because the over- 
lying bladder mucosa appears normal, even after 
the disease becomes metastatic [14]. This ten- 
dency toward submucosal spread may partially 
explain the high progression rates with bladder 
preservation strategies. If the urologist is misled 
by anormal cystoscopy, he may recommend con- 
tinued surveillance for patients that actually have 
extensive submucosal spread of disease. Because 
this pattern of spread occasionally exists, we rec- 
ommend against surveillance by cystoscopy only 
in patients with a history of MPC. These patients 
should undergo random bladder biopsies for sur- 
veillance, even with normal-appearing bladders. 
Clinical evaluation of MPC should be similar 
to typical urothelial carcinoma. Once the patho- 
logic diagnosis of MPC has been made on a spec- 
imen from transurethral resection of a bladder 
tumor (TURBT), the patient should receive a 
comprehensive evaluation for signs of local inva- 
sion or metastatic disease. Creatinine, electro- 
lytes, liver enzymes, and lactate dehydrogenase 
should be checked for signs of organ dysfunction 
or paraneoplastic syndromes. A three-phase CT 
of the abdomen and pelvis should be obtained 
with special attention given to the excretory phase 
to rule out upper tract tumors. We recommend 
routine chest CT instead of chest X-ray on initial 
evaluation for metastatic disease after the diagno- 
sis of MPC because of the aggressive nature and 
rapid spread of this entity. The results of these 
evaluations may demonstrate that curative sur- 
gery is not possible. Unfortunately, metastatic 
disease is frequently identified pathologically 
after surgery even in the absence of identifiable 
disease spread by these testing modalities. 


Pathology 
Establishing a minimal threshold for classification 


of a urothelial carcinoma as micropapillary type is 
the most significant problem in the pathologic 
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Fig.8.1 Histologic features of micropapillary carcinoma. 
(a) Back-to-back, confluent lacunar spaces. (b) Multiple 
tumor nests in the same lacunar space. (c) Epithelial ring 


diagnosis of MPC. One of the histologic hall- 
marks of MPC is the presence of stromal retrac- 
tion spaces surrounding the nests of carcinoma 
cells (Fig. 8.la—f). Unfortunately, this feature is 
not entirely specific as many invasive urothelial 
carcinomas of no special type share this feature 
(Fig. 8.2a, b) [18, 20]. The cellular nests of MPC 
are typically quite small, but there is a wide spec- 
trum of nest sizes that may be encountered in 
urothelial carcinomas, making the establishment 
of definitive criteria based entirely on size prob- 
lematic. In a recent interobserver reproducibility 
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forms. (d) Intracytoplasmic vacuoles. (e) Elongated papil- 
lae. (f) Peripheral orientation of nuclei 


study by Sangoi et al., a set of restrictive criteria 
were proposed that allowed for a greater degree of 
agreement (Table 8.1) [20]. These restrictive cri- 
teria identify a group of more prototypical MPCs 
that include cases with small tumor cell nests 
within stromal retraction spaces, which are often 
back-to-back and often contain multiple tumor 
cell nests within each single retraction space (see 
Fig. 8.la, b). Other secondary features that are 
frequently seen include epithelial ring forms, 
intracytoplasmic vacuolization, elongated epithe- 
lial nests (i.e., micropapillae), and peripherally 
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Fig. 8.2 Histologic features of typical urothelial carcinoma with retraction (non-micropapillary). (a) Large epithelial 
nests (>5 cells across narrowest width). (b) Confluent and branching epithelial growth 


Table 8.1 Recommended histologic features for micropapillary vs. non-micropapillary carcinoma 


Features of typical (non-micropapillary) urothelial carcinoma 


Restrictive criteria for micropapillary carcinoma 
Primary features 
Multiple small nests in single retraction space 


with retraction 
Primary features 
Large nest size (25 nuclei across the narrowest width of the 


nest) 


Often back-to-back lacunar spaces 


Large branching or confluent aggregates of neoplastic 


epithelium 


Secondary features frequently present 
Epithelial ring forms 


Intracytoplasmic vacuolization 
Peripherally oriented nuclei 


oriented nuclei (see Fig. 8.1c—f). Microscopic fea- 
tures suggesting that a urothelial carcinoma should 
not be classified as micropapillary include large 
nest size (generally greater than 5 or more nuclei 
across the narrowest width of the nest) and large 
branching aggregates or epithelial confluence of 
the tumor cell aggregates (see Fig. 8.2a, b). 
Noninvasive patterns of micropapillary carci- 
noma are also seen and are characterized by thin 
elongated filiform processes of neoplastic cells 
arising from the main papillary stalk (Fig. 8.3a—c) 
[1]. These “micropapillae” in the noninvasive 
component typically have a longer length than 
width. In our experience, these micropapillary 
patterns in noninvasive urothelial carcinomas are 
often admixed with histologic patterns previously 
described as glandular or villoglandular [21, 22] 
The distinction between noninvasive carcinomas 
with villo/glandular and micropapillary features, 


Secondary features frequently present 
Individual single nests in a retraction space 
Individual lacunar spaces widely separated by stroma 


and any potential clinical significance to this dis- 
tinction, has not been evaluated. 

Several studies have proposed the potential 
utility of adjunctive immunohistochemical mark- 
ers in the diagnosis of MPC. A “reverse polarity” 
pattern of immunoreactivity with the MUC1 anti- 
body, whereby the stroma-facing (basal) cell sur- 
faces acquire apical secretory properties, has 
been previously reported as typical of MPC [23- 
26]. Similarly, immunohistochemical expression 
of CA125 and Her2Neu has been reported as dis- 
tinctive for MPC [9, 17, 27, 28]; however, Sangoi 
et al. have previously reported that these markers 
are not entirely specific for MPC when compared 
specifically to invasive urothelial carcinomas 
with prominent stromal retraction (specificity: 
MUCI 37%, CA125 87%, and Her2Neu 92%) 
[18]. As such, these markers lack reliable diag- 
nostic utility in challenging cases, especially 
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Fig. 8.3 Noninvasive papillary urothelial carcinoma with 
micropapillary features. (a, b) Elongated slender micro- 
papillae arising from the papillary core (the length of the 
elongated epithelial structures is generally greater than the 
width). (c) In some cases, there is an admixture of tumor 
with features previously described as noninvasive papil- 


since it is our experience that invasive urothelial 
carcinoma with associated stromal retraction is 
much more common than MPC. Although KL-6 
is another antibody that has recently been reported 
as a sensitive marker of urothelial MPC, further 
studies are needed to compare specificity versus 
invasive urothelial carcinoma with prominent 
stromal retraction [29]. At present, we would rec- 
ommend that the diagnosis of MPC should be 
based on histologic features, and we suggest use 
of the restrictive criteria proposed by Sangoi et al. 
given the potential therapeutic impact of the diag- 
nosis (see Table 8.1) [20]. 

In cases presenting with metastatic disease, 
the most problematic pathologic issue is estab- 
lishing the anatomic site of origin, since many 
parenchymal organs may give rise to carcinomas 
with an identical micropapillary appearance. In 
general, carcinomas with a micropapillary pattern 


lary urothelial carcinoma with glandular/villoglandular 
differentiation. This combination is frequent in our expe- 
rience, and the distinction between glandular/villoglandu- 
lar and micropapillary may be very difficult in a subset of 
cases 


maintain the expected immunophenotypic 
findings of more histologically typical carcino- 
mas of similar anatomic origin [23]. 


Management 


The management of MPC is determined by its 
aggressive nature with immediate cystectomy 
being the preferred treatment for nearly all stages. 
Since understaging is very common, the manage- 
ment of pTa and pT1 disease is difficult and 
remains somewhat controversial. In the largest 
published series, 75% of patients who underwent 
immediate cystectomy for clinically localized 
disease had a pathologic stage that was higher 
than their clinical stage, and 38% had pathologi- 
cally positive nodes [11]. The overall survival of 
the 44 patients who presented with nonmuscle 
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invasive disease was no better than the 37 who 
presented with invasive but resectable disease. In 
another series of 34 patients with <T1 on TURBT 
and CT, 71% were =T2 and 26% were T4 at cys- 
tectomy [2]. Even the patients with the lowest 
stage (cTa) had a 25% mortality rate from meta- 
static disease at a mean survival of 33 months. 
A low percentage of MPC also should not dis- 
suade one from aggressive surgical management 
as metastasis and death have been reported even 
in patients with less than 10% MPC [2, 3]. 

Retrospective studies suggest that intravesical 
Bacillus Calmette Guérin (BCG) therapy is inef- 
fective in patients with MPC. BCG is attenuated 
live Mycobacterium bovis which can be instilled 
in the bladder to prevent progression and recur- 
rence of nonmuscle invasive bladder cancer. In 
the sentinel article on BCG in MPC, Kamat et al. 
reviewed the records of 44 patients with nonmus- 
cle invasive MPC, of whom 27 received BCG 
[12]. Of these 27 patients, 18 (67%) progressed 
to =>T2 and 6 (22%) developed metastatic disease 
during treatment. Only 5 (19%) were cancer free 
without cystectomy at 30 months median fol- 
low-up. The median cancer-specific survival for 
patients who had a cystectomy only after BCG 
failed was 62 months compared with more than 
10 years for those who had immediate cystec- 
tomy without BCG. In another study, all 7 patients 
who were treated initially with BCG were =T3a 
at cystectomy, and all but one had lymph node 
metastases [19]. These dismal results suggest that 
conservative management with BCG should not 
be offered to patients with invasive MPC. 

No prospective trials of chemotherapy for 
MPC have been performed, but the limited avail- 
able retrospective data suggest minimal benefit. 
The choice of chemotherapy regimens seems to 
have been driven by the urothelial component of 
the disease with most patients receiving either 
MVAC (methotrexate, vinblastine, doxorubicin, 
and cisplatin) or GC (gemcitabine and cisplatin). 
Response rates were poor overall with many 
patients progressing and dying of their disease. In 
the largest series, 23 of 100 patients received 
neoadjuvant chemotherapy for surgically resect- 
able disease [11]. At cystectomy, those who 
received neoadjuvant chemotherapy were more 
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likely to have =pT3 (68.7%) than those who 
underwent immediate cystectomy (34.8%). The 
5-year overall survival was no better for neoadju- 
vant chemotherapy patients (63%) than for imme- 
diate cystectomy patient (71%). In the same 
series, of 19 patients who received chemotherapy 
for unresectable disease, 10 patients had an objec- 
tive response and were then able to undergo cys- 
tectomy, but their median overall survival was 28 
months. In the series by Ghoneim et al. [19], all 
three patients that received neoadjuvant GC had 
extensive residual disease (2=pT3 or pN+) at cys- 
tectomy. The one patient who received MVAC 
never reached cystectomy because he died of 
febrile neutropenia. Three series reported follow- 
up for a combined total of 31 patients who 
received adjuvant chemotherapy, mostly for 
node-positive histology at cystectomy [7, 11, 19]. 
Of these patients, only 6 (19%) were alive at last 
follow-up, and the median survival in the one 
study reporting it was 40 months with a 40% 
5-year overall survival [19]. Several other studies 
reported small numbers of patients receiving che- 
motherapy as neoadjuvant, adjuvant, or primary 
treatment, and most of these patients experienced 
progression or death [1, 6, 8, 9, 14]. 

MPC tumors likely do not respond to radiation 
therapy, based on very limited data. Only 14 
patients have been reported who received radia- 
tion with or without chemotherapy for MPC in 
the absence of cystectomy or nephroureterectomy 
and have follow-up available. All of these patients 
died of their disease except one who was alive 
with disease at only 6 months of follow-up [1, 7, 
9, 14]. A few patients have received radiation 
after cystectomy or nephroureterectomy, but the 
reporting of these patients is too inconsistent to 
draw any conclusions. More data are necessary 
before any firm conclusions can be drawn about 
the efficacy of radiation therapy for MPC. 

Immediate cystectomy is generally the treat- 
ment of choice for all invasive MPC. This rec- 
ommendation comes from the apparent lack of 
efficacy of BCG, chemotherapy, and radiation 
therapy, the frequent understaging observed at 
TURBT, and two retrospective studies showing 
improved survival from immediate cystectomy 
vs. other treatment modalities [11, 19]. Patients 
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with noninvasive papillary urothelial carcinoma 
showing micropapillary features (pTa disease) 
should be aggressively restaged to ensure ade- 
quate evaluation and followed very closely for 
recurrence/progression. Although some studies 
have included a few cases of pTa micropapillary 
carcinoma, it has not been adequately shown that 
these cases have a higher progression compared 
to otherwise typical noninvasive high-grade pap- 
illary urothelial carcinoma. Importantly, there 
has not been sufficient study of the appropriate 
histologic criteria for a diagnosis as noninvasive 
micropapillary carcinoma to warrant its use for 
changing the current standard clinical manage- 
ment for pTa disease. In our experience, classify- 
ing a noninvasive papillary carcinoma as 
micropapillary can be difficult and is subject to 
significant intraobserver variability, especially 
when the histologic changes are present only 
focally. There would seem to be a much greater 
risk of overtreatment in this group of noninva- 
sive tumors. 

Lymph node dissection at the time of cystec- 
tomy is important for prognostication, but there 
is no evidence for or against a lymph node dissec- 
tion being therapeutic in these patients. Lymph 
node metastases are frequently missed on imag- 
ing in this population. In the studies reporting 
results from lymph node dissections for clinically 
node negative disease, 54 (52%) of 103 patients 
had positive lymph nodes [7, 11, 19]. This 
significantly changes the treatment options and 
prognosis for patients otherwise thought to be 
curable with or without bladder sparing. 


Outcomes 


The overall 5-year survival was approximately 
38% across all studies reporting this outcome 
(248 patients). This was improved to 70% overall 
5 year survival and 52% overall 10-year survival 
for those who had immediate cystectomy for 
resectable disease in one study [11]. Delaying 
cystectomy for other treatments was associated 
with decreased overall survival (OS). The 5-year 
cancer-specific survival for patients who pre- 
sented with <cT1 and had cystectomy after failed 
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BCG was 60% (median survival 62 months) 
versus 72% (median survival not reached) for 
those who underwent an immediate cystectomy. 
Median OS for =cT2 but resectable disease was 
62 months with neoadjuvant chemotherapy and 
more than 180 months for those who had initial 
cystectomy in one study [11], and 23 vs. 46 
months in another study [19]. Higher stage at 
presentation, as expected, led to decreased sur- 
vival [2]. The median OS was 17 months for 
those with unresectable disease [11]. 

A greater percent of the tumor made up of 
MPC portended a worse prognosis in several 
studies [1—4, 9]. Patients are usually grouped into 
<10% MPC, 10-50% MPC, and >50% MPC. 
Those with >50% MPC typically fare the worst, 
but the association is weak and does not stand up 
to multivariate analysis [2]. 

Metastases are found most commonly in the 
lung, followed by liver and bone. They have also 
been described in the peritoneum, mesentery, sig- 
moid colon, brain, ureters, chest wall, scrotum, 
and nodes of the pelvis, retroperitoneum, paraaor- 
tic, inguinal, and supraclavicular areas [4, 6-9, 
14, 15, 30]. 

Micropapillary carcinoma is an aggressive 
variant of urothelial carcinoma of the bladder or 
upper tracts. The limited studies published to date 
suggest that immediate radical surgery is the saf- 
est treatment choice for attempting to achieve 
long-term survival for these patients. Randomized 
controlled trials are needed to definitively answer 
many remaining questions about this rare entity. 
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Small Cell Urothelial Carcinoma 


Anil Parwani, Colin Dinney, 
and Arlene Siefker-Radtke 


Introduction 


Small cell urothelial cancer is a rare form of 
bladder cancer for which there is no standard 
therapy. The majority of available literature, 
mostly in the form of small retrospective reviews, 
encompasses a range of treatment from surgery, 
radiation, and chemotherapy, given in a variety 
of sequences and combinations. As a result, sur- 
gery has been considered by many to be the de 
facto standard in the setting of surgically resect- 
able disease [1, 2]. While occasional long-term 
survivors have been reported with these 
approaches, the universally poor outcomes typi- 
cally observed have left many to consider it a 
disease where treatment is futile [3]. However, 
more recently published data, including the first 
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clinical trial in small cell urothelial cancer, are 
providing new-found hope, with the potential for 
improved outcomes using neoadjuvant chemo- 
therapy followed by surgery [4—6]. 


Clinical Presentation 


The presentation of small cell urothelial cancer is 
virtually indistinguishable from the more tradi- 
tional transitional cell urothelial cancer. Most 
patients present with hematuria and irritative 
voiding symptoms including dysuria, frequency, 
and, depending upon its location, urinary obstruc- 
tion and renal insufficiency [2]. Since this variant, 
like small cell tumors of the lung and prostate, 
typically is associated with a rapid rate of prolif- 
eration, symptoms can progress quite rapidly. 
Therefore, it is imperative that the patient evalua- 
tion proceeds quickly in order to initiate therapy, 
thereby avoiding the development of complica- 
tions and/or metastases. 


Pathogenesis 


As with urothelial carcinoma (UC) small cell car- 
cinoma can occur anywhere along the urinary 
tract. However, the majority of tumors occur in 
the bladder with only rare occurrences in the ure- 
ter [5]. Care should be made to distinguish tumors 
occurring along the urethra from small cell carci- 
noma of the prostate gland. Since many small 
cell carcinomas arise in the setting of urothelial 
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carcinoma, abnormalities of the urothelium, 
including papillary urothelial carcinoma and 
urothelial carcinoma in situ (CIS), support the 
diagnosis of urothelial origin [4, 7, 8]. Likewise, 
small cell carcinomas of the prostate often arise 
in the setting of prostate cancer with associated 
elevation in prostate-specific antigen (PSA). 
However, elevations in PSA can be seen with ure- 
thral tumors invading the prostate, so an abnor- 
mal PSA alone, without supportive pathology, 
should be interpreted with caution. 

Though the origin of small cell carcinoma of 
the urothelial tract is not definitively known, 
many theories regarding the development of these 
tumors have been proposed [9-12]. The presence 
of neuroendocrine markers and neurosecretory 
granules has been used to support a theory that 
small cell tumors arise from the malignant trans- 
formation of neuroendocrine cells found sporadi- 
cally in the bladder mucosa next to the basal 
lamina. Similarly, a second theory postulates that 
these tumors arise from metaplasia of the 
urothelial epithelium, with small cell carcinoma 
representing a high-grade form of divergent dif- 
ferentiation. In an additional attempt to explain 
the coexistence of small cell carcinoma with 
urothelial tumors, a third theory hypothesizes the 
origin from a multipotential stem cell capable of 
differentiating along multiple lineages. Loss of 
heterozygosity studies in a small series of small 
cell carcinomas coexisting with urothelial carci- 
noma suggest their origination from a common, 
clonal precursor [13]. Though a consensus may 
not be reached regarding the histogenesis of small 
cell carcinomas, once present, they display an 
extremely aggressive biology, similar to small 
cell carcinomas of other organs. 


Clinical Evaluation and Cystoscopy 


The clinical evaluation is, again, similar to that 
for traditional urothelial tumors. Diagnosis is 
typically made only after the pathology is 
reviewed from cystoscopic resection. Since recent 
data suggest an increased risk of brain metastases 
in patients with =stage 3 small cell carcinoma 
(2cT3b, N+, or M*) [5], it is important to complete 
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staging prior to beginning therapy. In addition to 
the traditional radiographic imaging with com- 
puted tomography (CT) or magnetic resonance 
imaging (MRI) of the abdomen and pelvis, as 
well as imaging of the chest (CT, MRI, or chest 
X-ray), the authors would advocate for a thor- 
ough transurethral resection of tumor, followed 
by an exam under anesthesia (EUA) to document 
the potential risk for tumor invading beyond the 
wall of the bladder or adherence to the pelvic 
sidewall. A baseline CT or MRI of the brain in 
patients with stage 3 or greater small cell urothe- 
lial cancer is also recommended. 


Pathology 
Gross Pathology 


Most of the small cell carcinomas of the urinary 
tract arise in the urinary bladder with only rare 
reports of small cell carcinoma in other areas of 
the urothelial tract [4, 5]. They usually present as 
large mass lesions and may arise in all regions of 
the bladder, including bladder diverticula [14]. 
There are no distinguishing characteristics 
between small cell urothelial cancer and the 
more traditional urothelial carcinomas on gross 
pathology. Grossly, the tumor may appear ulcer- 
ated, nodular (Fig. 9.1), infiltrative, sessile, or 
solid [14, 15]. 


Microscopic Pathology 


Consistent with their pulmonary counterparts, the 
diagnosis of small cell urothelial cancer is typically 
made on the basis of morphology [8, 1 1]. However, 
the bladder tumors often have one or more other 
types of tumor components such as urothelial 
carcinoma, squamous cell carcinoma, adenocarci- 
noma, or sarcomatoid carcinomas [8, 11, 15]. 
A component of urothelial CIS may be present, 
which is helpful to confirm urothelial origin [5, 7, 
14-16] (Fig. 9.2). 

At low magnification, the tumor has a diffuse 
growth of small to intermediate sized round blue 
cells with hyperchromatic nuclei. Rarely, the 
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Fig. 9.1 Gross appearance 
of a pure small cell 
carcinoma of the urinary 
bladder. The tumor was a 
pedunculated exophytic 
mass located in the left 
anterior wall of the bladder 
and grossly and micro- 
scopically involved the 
detrusor muscle (arrows) 


Fig.9.2 Small cell 
carcinoma with associated 
flat urothelial carcinoma in 
situ (CIS). In this case, 
small cell carcinoma was 
the only component 
present, making the 
identification of flat CIS an 
important diagnostic 
feature. Note the enlarged 
nuclei and cells with high 
nuclear to cytoplasmic 
ratio in the CIS component 


tumors show a nested or organoid growth pattern. 
On higher magnification, small, uniform cells 
with nuclear molding and scant cytoplasm are 
present (Figs. 9.2 and 9.3). The nuclei contain 
evenly dispersed finely stippled chromatin and 
inconspicuous nucleoli. Mitoses and apoptotic 
debris are easily seen and usually frequent. 
Occasionally, scattered larger pleomorphic cells 
may be present. Necrosis, crush artifact, and vas- 
cular invasion are also commonly seen. DNA 
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encrustation of blood vessel walls may be present 
(Azzopardi phenomenon) [8, 11, 15-17]. The 
majority of the tumors also show detrusor muscle 
(muscularis propria) invasion [2, 4, 5, 7]. 

The neuroendocrine origin may be demon- 
strated in a number of ways, including the use of 
electron microscopy or histochemical stains to 
show the presence of neuroendocrine granules. 
However, the most commonly employed method 
is by performing immunohistochemistry (IHC) 
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Fig. 9.3 Small cell 
carcinoma with an 
infiltrative appearance and 
with uniform cells with 
scant cytoplasm and 
showing characteristic 
nuclear molding 


Fig. 9.4 Synaptophysin 
immunohistochemistry 
shows strong and diffuse 
staining in a case of 
bladder small cell 
carcinoma 


for chromogranin, synaptophysin (Fig. 9.4), and 
cytokeratin (dot-like staining) (Fig. 9.5) [8, 9, 11, 
16]. Recent studies suggest that P16 and P63 IHC 
may be useful in distinguishing small cell carci- 
nomas from poorly differentiated urothelial car- 
cinomas with P16 expression higher in small cell 
carcinomas of the bladder (92.8%) compared to 
high-grade urothelial carcinomas (43.7%). In 
contrast, P63 was positive in the majority of 


A. Parwani et al. 


urothelial carcinomas (81.3%) and negative in 
small cell carcinomas [18]. 

Large cell neuroendocrine carcinomas have 
also been described in the urinary bladder. It is 
not uncommon for areas with more abundant 
cytoplasm and prominent nucleoli (Fig. 9.6), 
which would meet the definition for large cell 
neuroendocrine carcinoma in the lung, to be 
admixed with typical small cell carcinoma. This 
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Fig.9.5 Cytokeratin 
immunohistochemistry 
shows “dot-like” positivity 
in a case of bladder small 
cell carcinoma 


Fig. 9.6 Large cell 
neuroendocrine carcinoma 
of the urinary bladder. 
Compared to small cell 
carcinoma, the large cell 
neuroendocrine carcinomas 
may have distinct 
architecture such as a 
nested or an organoid 
growth pattern. The cells 
have more abundant 
cytoplasm and the nuclei, 
as seen in this case, are 
more prominent 


distinction is not critical in the bladder as treat- 
ment remains the same, and there has been no 
notable survival difference observed when large 
cell neuroendocrine histology is present [7]. 


Differential Diagnosis 


The differential diagnosis of small cell carcinomas 
is broad and includes entities such as malignant 
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lymphoma, lymphoepithelioma-like carcinoma, 
poorly differentiated urothelial carcinoma, plas- 
macytoid variant of urothelial carcinoma, or, more 
infrequently, metastatic small cell carcinoma from 
other sites such as the lung [15, 16]. Usually a 
patient’s history and clinical information, includ- 
ing radiographic imaging, are sufficient to deter- 
mine if a metastasis to the bladder is a consideration. 
The presence of a concurrent urothelial compo- 
nent or even the presence of urothelial CIS helps to 
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confirm a urothelial origin. Overall, knowledge of 
the clinical information, history, and appropriate 
use of ancillary studies including immunohis- 
tochemical stains can be extremely helpful in the 
diagnostic process. 


Management 


While the treatment for metastatic small cell car- 
cinoma generally has focused on systemic che- 
motherapy, the treatment for surgically resectable 
disease has been evolving. In recognition that 
surgery alone led to few long-term disease 
specific survivors, many institutions began incor- 
porating multimodality treatment regimens com- 
bining systemic therapy with radiation and 
surgery. Recent evidence suggests that neoadju- 
vant chemotherapy followed by surgery may be 
the optimal treatment paradigm, at least as com- 
pared with historical data. 


Surgically Resectable Disease 


Historically, radical cystectomy was considered 
the de facto treatment for patients with surgically 
resectable disease [1]. However, since many 
patients treated with this strategy died within 1 
year of diagnosis, the prognosis, even in the set- 
ting of surgically resectable disease, was invari- 
ably poor. Clinical understaging of the primary 
tumor is often the rule. In one large series, the 
pathologic stage was higher than expected in 
56% of patients treated with initial cystectomy 
[4]. Furthermore, surgery was aborted in the 
operating room in 20% of those deemed surgical 
candidates, despite a median time of 24 days 
from diagnosis to surgery [4]. Other groups report 
only a 10-16% 5-year survival with cystectomy 
[3, 7], with up to 76% of patients with surgically 
resectable small cell carcinomas having metasta- 
ses at the time of cystectomy [7]. Furthermore, 
Cheng et al. reported no difference in survival 
between those who did or did not undergo cystec- 
tomy for surgically resectable disease [3]. It is 
extremely likely that the rapid growth rates and 
high likelihood of microscopic metastases 
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associated with small cell carcinoma contribute 
to the observed clinical understaging typically 
associated with this malignancy. 

In contrast to the poor outcomes with initial 
surgery observed by other centers, a recent report 
from the Mayo Clinic advocates for surgery alone 
in the setting of surgically resectable small cell 
urothelial cancer [2]. They report a 3-year OS of 
63.6% in 12 patients with stage 2 small cell 
urothelial cancer; however, half of these patients 
experienced a relapse. It is not altogether clear 
how many patients were upstaged at surgery; 
73% of the reported patients had stage 3 or 4 dis- 
ease at surgery with uniformly poor outcomes in 
this stage. While it remains an unanswered ques- 
tion whether there is a benefit from adjuvant 
treatment in a patient with an incidental finding 
of pT2NOMO small cell cancer at cystectomy, the 
preponderance of literature currently reports the 
significant risk of pathologic upstaging at cystec- 
tomy that inevitably leads to poor outcomes when 
following an approach of surgery alone. 

As a result of the poor outcomes observed 
with cystectomy alone, investigators began to 
integrate and combine chemotherapy with sur- 
gery. Early reports suggested a median survival 
of 21.1 months after incorporating adjuvant che- 
motherapy [19], with another suggesting 4 of 5 
survivors (of 19 total patients) when cystectomy 
was followed by adjuvant chemotherapy [11]. 
However, despite an improved overall and recur- 
rence-free survival with multimodality therapy as 
compared to cystectomy alone, 5-year survival 
remained around 10% [7]. Likewise, there was 
no difference in survival reported by the M. D. 
Anderson Cancer Center (MDACC) with the 
addition of adjuvant chemotherapy [4]. However, 
it should be noted that the lack of uniformity in 
treatment, especially regarding the choice of che- 
motherapy regimens, could impact the reported 
utility of adjuvant chemotherapy. As a result, and 
in light of the poor prognosis from surgery alone, 
many investigators continue to offer adjuvant 
chemotherapy, especially when small cell carci- 
noma is diagnosed at cystectomy. 

With the knowledge that small cell cancer can 
be a chemosensitive disease and after observing 
the rapid tumor growth rates leading to aborted 
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cystectomy, investigators at the MDACC altered 
their strategy. Neoadjuvant chemotherapy became 
the strategy of choice [4]. The benefits of this, in 
retrospect, seem quite obvious. Systemic chemo- 
therapy can typically be initiated quickly, provid- 
ing timely control of this rapidly proliferating 
tumor and hopefully resulting in tumor down- 
staging and negative margins at surgery. This 
strategy may also provide valuable prognostic 
information; the MDACC series suggests no 
tumor-related deaths in those <pT2NOM0 follow- 
ing neoadjuvant chemotherapy [4]. 

In another report of neoadjuvant chemother- 
apy, Walther et al. reported 5 of 7 patients alive 
and cancer free more than 36 months after com- 
bined modality treatment; of these 7 patients, 5 
were treated with preoperative chemotherapy [6]. 
Additional promising results were reported by 
the MDACC. In this review of 46 patients, neoad- 
juvant chemotherapy was associated with an 
improved survival, with a 5-year disease-specific 
survival of 78%, as compared to 36% 5-year 
disease-specific survival in those treated with ini- 
tial surgery (p=0.03) [4]. While many different 
chemotherapy combinations were used in this 
retrospectively treated group of patients, there 
was a sense that chemotherapy combinations 
directed to the small cell phenotype, such as 
etoposide with cisplatin, and ifosfamide with 
adriamycin, were more likely to eradicate the 
small cell carcinoma component. 

Recently, investigators at the MDACC pub- 
lished results from the first clinical trial in small 
cell urothelial cancer [5]. Patients with surgically 
resectable small cell urothelial cancer 
(<cT4aNOMO) received four cycles of neoadju- 
vant chemotherapy with ifosfamide and adriamy- 
cin alternating with etoposide and cisplatin. Of 
18 patients receiving neoadjuvant treatment, 13 
(72%) remain alive and cancer free with a median 
overall survival of 58 months. Pathologic down- 
staging to <pT1NOMO occurred in 14 of 18 
patients (78%). Patients with cTZ2NOMO tumors 
fared much better than those with cT3b-4aNOMO 
disease. Since the majority of patients with cT3b- 
4aNOMO tumors still had viable small cell cancer 
remaining at the time of surgery, it is not certain 
whether this reflects aggressive biology in the 
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setting of a larger tumor burden, or an inadequate 
course of chemotherapy. Currently, the authors 
are recommending four cycles neoadjuvant che- 
motherapy with a small cell carcinoma-directed 
regimen in cT2NOMO disease, and two cycles 
beyond maximal response (typically closer to six 
cycles chemotherapy) in patients with cT3b- 
4aNOMO small cell urothelial cancer. 

Drawing upon the experience of small cell 
lung cancer, investigators have employed radia- 
tion therapy as a focal consolidative measure in 
patients with localized disease. Some small series 
have reported long-term survivors with chemo- 
therapy followed by radiation to the pelvis [20— 
22]; however, the median overall survival reported 
is on the order of 17—20 months [21, 22]. One of 
the most promising reports observed a median 
survival of 41 months with a 70% disease-specific 
survival in 10 patients with localized disease 
treated with chemoradiation [23]. However, 60% 
of their long-term survivors developed recurrent 
local disease and required further treatment, 
including cystectomy. A similar scenario, with 
additional localized relapses, has been reported 
in other series [21, 22]. This supports the grow- 
ing observation that many small cell carcinomas 
of the urinary bladder arise in the setting of 
urothelial carcinoma with urothelial carcinoma in 
situ (CIS) reported in anywhere from 56 to 76% 
of patients [5, 7]. With concern for the long-term 
risk of recurrent localized cancer in those with 
intact, irradiated bladders, the authors currently 
advocate for cystectomy (after neoadjuvant che- 
motherapy) as the localized therapy of choice. 
However, in a setting where surgery is associated 
with unacceptable risk to the patient, the authors 
would recommend consolidation (after neoadju- 
vant chemotherapy) with radiation. 


Metastatic Disease 


Unfortunately, the prognosis in the setting of 
metastatic disease remains poor with few long- 
term survivors. The median survival in the meta- 
static setting closely reflects that reported with 
small cell lung cancer, and small cell tumors of 
other organs, like the prostate [24], with a median 
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life expectancy ranging from 7.5 to 15 months [4, 
5, 19]. Some long-term survivors have been 
reported, mostly in the setting of patients with 
lymph node metastases who respond completely 
to chemotherapy and undergo surgical consolida- 
tion with cystectomy and node dissection [4, 5]. 
The authors’ current strategy is to treat to two 
cycles beyond maximal response using a small 
cell chemotherapy regimen such as etoposide and 
cisplatin and then offer surgical consolidation for 
those who wish to take an aggressive approach 
with node-only disease and have a clinically 
complete response to chemotherapy. 


Brain Metastases and Prophylactic 
Cranial Irradiation 


Brain metastases have been only rarely reported 
in the setting of small cell urothelial cancer. 
While this could indicate a lack of awareness or 
monitoring for this possibility, it is equally likely 
that with the historically poor outcomes, patients 
typically did not live long enough to develop 
symptomatic brain metastases. Interestingly, in 
the recently reported small cell urothelial cancer 
clinical trial, investigators noted an incidence of 
symptomatic brain metastases on the order of 
50% in the subset of patients with stage 3 or 4 
urothelial cancer [5]. None of the patients with 
stage 2 disease developed brain metastases. 
Furthermore, 88% of those developing brain 
metastases had no progressive tumor elsewhere. 
This may reflect the close follow-up associated 
with a clinical trial, and the routine use of a small 
cell chemotherapy regimen that may better con- 
trol the tumor in other metastatic sites. As a result, 
investigators at MDACC are now offering pro- 
phylactic cranial irradiation on a clinical trial to 
the subset of patients with stage 3 or 4 small cell 
urothelial cancer. 


Conclusion 
Small cell urothelial cancer is a rare tumor of the 


bladder whose diagnosis can be made based 
upon morphologic features with adjunctive 
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immunohistochemical studies, including chro- 
mogranin and synaptophysin. Currently, there is 
no standard therapy for the treatment of small 
cell urothelial cancer. Recently published data 
from the first phase II clinical trial in this rare 
tumor suggest that for patients with surgically 
resectable disease (<cT4aNOMO) neoadjuvant 
chemotherapy followed by cystectomy/cysto- 
prostatectomy provides a higher likelihood of 
survival as compared with historical data. Use of 
a chemotherapy regimen directed toward the 
small cell cancer component, such as etoposide 
with cisplatin, is recommended. Chemotherapy 
followed by local consolidation with radiation 
may be a reasonable alternative, especially in 
patients who are not surgical candidates. 
However, the frequent presence of CIS and 
higher relapse rates, including local failure in the 
bladder, suggest that consolidation with surgery 
may provide more optimal control. The progno- 
sis in the setting of metastatic small cell urothe- 
lial cancer remains poor, with few long-term 
survivors. The higher incidence of brain metas- 
tases observed in the setting of stage 3—4 disease 
suggests a subset of patients for whom prophy- 
lactic cranial irradiation may be considered. 
Substantial work is required in this rare tumor to 
optimize chemotherapy, local consolidation, and 
determine the role for radiation. 
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Introduction 


In addition to urothelial carcinoma, adenocarci- 
noma, and small cell carcinoma, squamous cell 
carcinoma represents a major morphologic sub- 
type of bladder cancer that harbors unique patho- 
genetic and molecular alterations. In the United 
States, squamous cell carcinoma affects less than 
5% of all bladder cancer patients, with primary 
risk factors that include tobacco smoke, long- 
term catheterization, urinary tract calculi, and a 
nonfunctioning bladder [1]. A male predomi- 
nance is common (approximate 3:1 male:female 
ratio) and patients tend to be older (>60 years of 
age). Squamous cell carcinoma may also occur in 
the upper tract, with this form of carcinoma rep- 
resenting up to 10% of all renal pelvis carcino- 
mas and also likely incited by chronic 
inflammatory conditions [2—4]. In contrast to the 
bladder, upper tract squamous cell carcinoma 
tends to have a roughly equal proportion of men 
and women affected by the disease [3]. 
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In other regions of the world—such as Africa 
and portions of the Middle East—squamous cell 
carcinoma occurs at a much higher frequency 
and affects a larger proportion of bladder cancer 
patients. In Egypt, bladder cancer represents 
approximately 30% of all cancers and is the 
leading cancer cause in males and the second 
leading cancer cause in females [5]. A primary 
risk factor in these locations includes infection 
with the Schistosoma (“bilharzial’) parasite, 
whose eggs lodge in the bladder wall and are 
believed to represent a source of chronic bladder 
inflammation that ultimately leads to the devel- 
opment of carcinoma. Patients with schisto- 
somal-derived squamous carcinoma are 
generally younger (46.7 years) and have a 
slightly higher male:female ratio (5:1) [6]. 
Current estimates from the National Cancer 
Institute in Egypt suggest that there has been a 
reduction in schistosomal-associated bladder 
cancer between the years 1977 and 2007, with 
bladder cancer frequency declining from 27.6 to 
11.7% and schistosomal-associated bladder 
cancer declining from 82.4 to 55.3% [7]. This 
likely reflects improved control over schisto- 
somal infection in rural populations; however, 
squamous cell carcinoma remains the most com- 
mon type of bladder cancer in these regions. 

Squamous cell carcinoma of the urinary tract 
thus reflects two distinct etiologies—infectious 
and noninfectious—that ultimately share similar 
morphological features, albeit varied clinical pre- 
sentations. Despite these differing etiologies, 
overall patient management for this disease 
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remains similar, although more information is 
available for cancers arising within the bladder. 


Pathogenesis 


A variety of factors can incite the development 
of squamous cell carcinoma of the bladder, with 
a common element including the ability to 
induce chronic irritation and inflammation of 
the bladder wall and upper tract (Table 10.1). 
Additionally, upper tract squamous cell carci- 
noma has been associated with analgesic abuse 
with phenacetin [2]. 

Tobacco smoke—a common risk factor for all 
forms of urinary tract cancer—has been estimated 
to increase the risk of squamous cell carcinoma 
by fivefold over that of nonsmokers [8], with 
increasing risk associated with increasing dura- 
tion of exposure [9]. Although the direct molecu- 
lar alterations associated with tobacco smoke and 
squamous cell carcinoma development are 
unknown, the carcinogenic properties of tobacco 
and its metabolites are well recognized for all 
forms of bladder cancer. Patients with nonfunc- 
tional bladders or those who undergo chronic 
catheterization are at increased risk for the devel- 
opment of carcinoma likely due to the presence 
of urinary stasis and resultant injury and 
inflammation of the surrounding bladder wall, 
which may result in increased cell turnover and 
subsequent genetic alterations. This hypothesis 
appears similar to that proposed for the increased 
risk of squamous cell carcinoma arising within 
bladder diverticula [10]. 

Human papillomavirus (HPV) infection has 
been well studied in bladder squamous cell carci- 
noma [11-14]. Analysis of both low- and high- 
risk HPV subtypes in large series of 
non-schistosomal squamous cancers has yielded 
few positive cases and HPV is generally not con- 
sidered to be a primary pathogenic mechanism of 
disease, although very few upper tract cancers 
have been evaluated [15]. Despite these findings, 
a handful of patients with extensive, recurrent 
condylomata of the urinary tract have been 
reported to develop squamous cell carcinoma at 
various sites along the urinary tract [12, 16]. 
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Perhaps one of the best studied risk factors in 
the development of squamous cell carcinoma of 
the bladder is infection with the schistosomal 
parasite, including Schistosoma haematobium, 
Schistosoma mansoni, and Schistosoma japoni- 
cum, with S. haematobium most commonly asso- 
ciated with the development of bladder cancer. 
The schistosomal parasite is a trematode worm 
that circulates in the bloodstream, resulting in 
portal hypertension and deposition of parasitic 
eggs within the mucosa and submucosa of the 
bladder (Fig. 10.1). These eggs ultimately become 
calcified and can incite an inflammatory reaction 
characterized by granulomas, as well as associ- 
ated neutrophils, eosinophils, and lymphocytes. 

Schistosomal infection has been present in 
Egypt since at least 1900 BCE, with the finding 
of calcified eggs in Egyptian mummies and his- 
torical documentation of hematuria within the 
population since this time [17]. An increased 
prevalence of infection occurred after the build- 
ing of dams (in the southern part of Egypt) to 
control seasonal flooding of the Nile. The Aswan 
dam was built in the early part of the twentieth 
century, and a second larger dam, the High Dam, 
was concluded in 1971. These irrigation projects 
were intended primarily to provide a sustained 
predictable source of irrigation water to the fer- 
tile soil of the Nile Valley, and avoid the destruc- 
tion caused by annual flooding, as well as 
droughts and poor crops during low flood years. 
As a result of the absence of flooding, the critical 
intermediate host for bilharzial worm (Bulinus sp. 
snails) was now in a year-round permanent irriga- 
tion system and proliferated during the dry sea- 
son. Permanent and stagnant water also increased 
aquatic plant life, which provided a habitat for 
these snails. 

Several recent studies have focused on the 
role of schistosomal antigens in inducing 
squamous carcinoma of the bladder. Total anti- 
gen from S. haematobium, obtained by extrac- 
tion of whole worms, was found to increase cell 
proliferation, prolong S-phase, decrease apopto- 
sis, and promote migration of Chinese hamster 
ovary (CHO) cells [18, 19]. Furthermore, total 
antigen was found to downregulate the tumor 
suppressor p27 and increase the proapoptotic 
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Table 10.1 Risk factors in the development of squamous cell carcinoma of the bladder 


Nonschistosomal 
Tobacco smoke 
Nonfunctioning bladder 


Chronic catheterization 


Diverticula 


Condyloma acuminatum 


Schistosomal (bilharzial) 
Schistosoma haematobium 
Schistosoma mansoni 
Schistosoma japonicum 


Risk factor for all forms of bladder cancer; carcinogenic effect 


Well-recognized risk factor; likely results in carcinoma due to increased urinary stasis 
and inflammation 


Well-recognized risk factor; both chronic and intermittent catheterization have been 
associated with squamous carcinoma 


Increased risk of developing squamous cell carcinoma, likely due to urinary stasis 


Rare; generally develops into invasive carcinoma in patients with extensive 
condylomata 


Most commonly associated with squamous cell carcinoma 
Less commonly implicated 
Less commonly implicated 


Fig. 10.1 Schistosomal 
infection of the bladder is 
often characterized by 
calcified eggs or portions 
of parasite that incite an 
inflammatory reaction 
consisting of giant cells 
and abundant eosinophils 


Bcl-2 molecule [19]. Instillation of total antigen 
into the bladders of CD-1 mice appeared to pro- 
mote urothelial inflammation and dysplasia [20], 
suggesting a direct link between antigen expo- 
sure and early tumorigenesis. The downstream 
mediators of total antigen, however, remain to be 
determined. 


Clinical Presentation 


The clinical presentation of patients with 
squamous cell carcinoma differs from that of 
patients with urothelial cancer. Most patients 
with squamous cancer present with severe, unre- 


lenting 
(frequency, urgency, dysuria, strangury), com- 
monly described as an exacerbation of long- 


symptoms associated with cystitis 


standing lower urinary symptoms. Lower 
abdominal or pelvic pain is common, and some- 
times severe. Hematuria as the sole presenting 
symptom is uncommon, in contrast to urothelial 
cancers where the presenting symptom is usually 
painless gross hematuria. Patients with schisto- 
somal squamous carcinoma occasionally present 
with necroturia, or the passage of whitish necrotic 
pieces of tumor, with urination. This presentation 
is more common in patients with verrucous carci- 
noma, where parts of the significantly necrotic 
bulk of the tumor shed into the urine. 
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Patients commonly present with a large, eas- 
ily palpable pelvic or abdominal bladder mass. 
Such bladder masses are usually painful and ten- 
der, allowing easy clinical distinction from 
urothelial cancer, which is rarely, if ever, painful 
or tender on clinical evaluation. Most patients 
with squamous carcinoma present in advanced 
stages of disease, likely due to the long-standing 
nature of lower urinary symptoms making 
patients delay seeking medical attention. It is 
estimated that about 25% are inoperable at pre- 
sentation [21], and the majority (80%) are T3 or 
higher at surgery [16, 22]. 


Cystoscopic/Clinical Examination 
Findings 


Diagnostic and staging evaluation for squamous 
cell carcinoma is similar to urothelial tumors. 
Large pelvic/abdominal masses are more com- 
mon in this disease and often noted on computed 
tomography (CT) scans or other sectional imag- 
ing. On plain abdominal films, irregular intralu- 
minal calcification (on the surface of the tumor) 
suggests carcinoma, and an irregular filling defect 
is usually noted on cystography. Such findings 
are less commonly noted today, as these older 
tests have become superseded by more modern 
axial imaging. Metastatic lymphadenopathy is 
less common than in urothelial carcinoma—par- 
ticularly when the bulky size of the primary tumor 
is considered—suggesting a more locally aggres- 
sive natural history for the disease. 

Cystoscopy with biopsy remains the 
confirmatory diagnostic procedure. Squamous 
cell carcinoma, particularly the schistosomal 
variety, usually appears as a nodular fungating 
mass and less commonly as an ulcerative lesion. 
Verrucous carcinoma is a unique well-differenti- 
ated variety of schistosomal squamous cell carci- 
noma that appears as a whitish fibrillary mass due 
to extensive keratinization, and carries a more 
favorable prognosis [23]. Unlike urothelial carci- 
noma, deep biopsies to include bladder wall mus- 
cularis are generally not historically mandated 
when squamous cell carcinoma is suspected, as 
treatment options do not depend upon depth of 
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bladder wall involvement, rather on the patho- 
logical diagnosis of the tumor alone. However, 
due to the concern of a urothelial carcinoma with 
extensive squamous differentiation on incom- 
plete sampling and new staging guidelines rec- 
ommending muscularis propria evaluation on 
bladder cancer staging, sampling of this layer of 
the bladder wall may be prudent. 


Pathology 


The diagnosis of primary squamous cell carci- 
noma of the urinary bladder is restricted to lesions 
whose invasive component consists purely of 
squamous cell carcinoma. Since urothelial carci- 
nomas may show extensive squamous differenti- 
ation, this distinction may be difficult in a subset 
of cases, particularly in biopsy samples. The 
presence of associated noninvasive squamous 
lesions may assist in the classification of a lesion 
as squamous in nature; however, the acceptance 
of foci of noninvasive urothelial neoplasia—such 
as urothelial carcinoma in situ—in cases diag- 
nosed as primary squamous cell carcinoma has 
recently been proposed and will be discussed in 
further detail later [16]. Ultimately, the distinc- 
tion between pure squamous cell carcinoma and 
urothelial carcinoma with squamous differentia- 
tion on biopsy or transurethral resection (TUR) 
may not be possible. Although foci of conven- 
tional urothelial carcinoma admixed with 
squamous differentiation on biopsy or TUR favor 
a urothelial carcinoma with divergent differentia- 
tion, only complete sampling of a carcinoma at 
radical cystectomy can truly diagnose a pure 
squamous cell carcinoma. 

On gross examination, squamous cell carci- 
noma may appear as an exophytic, white, flaky 
mass or as an ulcerated region involving the uri- 
nary tract lining. Squamous cell carcinoma is 
graded in a similar manner to squamous cancers 
at other sites: well, moderately, and poorly dif- 
ferentiated (Figs. 10.2a—c). Typically, the most 
poorly differentiated area of the lesion is consid- 
ered when categorizing these lesions, with dif- 
ferentiation characterized by organization of the 
squamous nests and the formation of keratin 
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Fig. 10.2 (a) Well-differentiated squamous cell carci- 
noma demonstrates glassy eosinophilic cytoplasm, inter- 
cellular bridges, and abundant keratin. (b) The majority of 
bladder squamous carcinomas are considered moderately 


pearls. Approximately 60% of all carcinomas 
are moderately differentiated, with the remain- 
der being poorly differentiated (30%) and few 
cases being well differentiated (10%). Regardless 
of the extent of differentiation, areas that have 
recognizable squamous differentiation can usu- 
ally be identified and are defined by eosinophilic 
cytoplasm, intracellular desmosomes, and kera- 
tin formation. Additional histological findings 
associated with these carcinomas include necro- 
sis, a desmoplastic tissue response (Fig. 10.3a), 
and a foreign-body giant cell reaction to keratin 
(Fig. 10.3b). Perineural invasion and angiolym- 
phatic invasion occur in approximately 15-20% 
of cases. Rarely, squamous cell carcinomas 
may take on a more unusual appearance that 
includes bizarre atypia of the cancerous cells 
(Fig. 10.4a), a sarcomatoid or spindled appear- 
ance (Fig. 10.4b), the development of pseudo- 
cystic or “pseudoangiomatous” structures, large 
nest formation with central necrosis and clear 


differentiated with variable keratin formation and atypia. 
(c) Poorly differentiated squamous cell carcinoma con- 
tains scant keratin and may be difficult to differentiate 
from poorly differentiated urothelial carcinoma 


cell features (Fig. 10.4c). Generally, however, 
areas that resemble more classical squamous cell 
carcinoma can be found within the specimen that 
ensures the correct diagnosis. 

Verrucous carcinoma represents an uncom- 
mon but distinct variant of squamous cell carci- 
noma that commonly occurs in patients with 
schistosomal infection. At low magnification, the 
carcinoma demonstrates an exophytic, papillary 
appearance with the deep aspect demonstrating a 
rounded “pushing” appearance (Fig. 10.5). 
Overall, the carcinomas lack significant atypia at 
the architectural or cytologic level and have been 
suggested to carry a more favorable prognosis, 
although rigorous study of this form of bladder 
carcinoma has not been performed. 

A variety of precursor lesions have been associ- 
ated with the development of squamous cell carci- 
noma. Classic precursors include keratinizing 
squamous metaplasia, squamous dysplasia, and 
squamous cell carcinoma in situ (Fig. 10.6a, b). 
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Fig. 10.3 (a) Desmoplasia is frequently associated with squamous cell carcinoma of the bladder. (b) A giant cell 


reaction to keratin may be readily identified in some tumors 


Fig. 10.4 (a) Bizarre atypia of squamous carcinoma cells 
is a rare, but distinctive feature, in a subset of cases. 
(b) Occasionally, squamous cell carcinoma may demon- 
strate a prominent spindled or sarcomatoid appearance. 


Verrucous squamous hyperplasia, characterized 
by repetitive upward tenting of the bladder surface 
that contains squamous metaplasia with marked 
keratin formation, has been recently reported as 
associated with invasive squamous cell carcinoma 
(Fig. 10.7). Exophytic squamous lesions may also 
be identified and include both polypoid and papil- 


(c) Rarely, cytoplasmic clearing may give a squamous cell 
carcinoma an unusual microscopic appearance. The 
finding of intercellular bridges and keratin validates the 
diagnosis 


lary-like structures lined by atypical squamous 
epithelium. In rare instances, condyloma acumina- 
tum may be associated with invasive squamous 
cell carcinoma, although this is generally an excep- 
tion, with only a few cases reported in the litera- 
ture. Similar to condylomata at other sites, lesions 
in the bladder are defined by exophytic papillary- 
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Fig. 10.5 Verrucous 
carcinoma is characterized 
by large, pushing invasive 
fronts associated with 
well-differentiated 
carcinoma 


Fig. 10.6 (a) Keratinizing squamous metaplasia is com- 
monly found in association with squamous cell carci- 
noma. (b) Squamous carcinoma in situ (high grade 
dysplasia) demonstrates marked nuclear atypia and disor- 


Fig. 10.7 Verrucous 
squamous hyperplasia is a 
recently described 
precursor to squamous 
carcinoma of the bladder 
and is characterized by 
repetitive upward tenting 
of the urothelium with 
prominent hyperkeratosis. 4 
By cystoscopy, this lesion S 
would appear as a white 
plaque 
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ganization of the epithelial layer. Prominent eosinophilic 
cytoplasm and defined cell-cell borders support a 
squamous morphology 
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Fig. 10.8 (a) Condylomata are infrequently associated with invasive squamous carcinoma. (b) Higher magnification 
reveals prominent koilocytosis of the squamous nuclei, a characteristic feature of papillomavirus infection 


like structures of variable thickness with typical 
viral koilocytosis (Fig. 10.8a, b). 

Although prior doctrine stated that any com- 
ponent of urothelial carcinoma in situ would clas- 
sify the lesion as “urothelial carcinoma with 
squamous differentiation,’ this concept has 
recently been contested [16]. Given the shared 
pathogenic factors of squamous and urothelial 
carcinomas, the presence of multiple separate in 
situ precursor lesions on extensive sampling of a 
bladder with otherwise typical squamous carci- 
noma is not surprising. In our experience, flat 
urothelial carcinoma in situ may also be associ- 
ated with squamous cell carcinoma in a subset of 
cases and often coexists with the other squamous 
cell carcinoma precursors described previously. 
The prior suggestion that the presence of any flat 
urothelial carcinoma in situ should reclassify a 
bladder carcinoma as a urothelial carcinoma with 
divergent differentiation was based on a mapping 
study of only three bladders. Within our larger 
series of 45 cases, it became apparent that flat 
urothelial carcinoma in situ was only one of sev- 
eral in situ lesions that could coexist in a patient 
with otherwise typical squamous cell carcinoma. 


Outcomes and Management 
Management of squamous cell carcinoma of the 


bladder is influenced by several factors that differ 
from management of urothelial carcinoma. 


Squamous carcinoma is almost never diagnosed 
in superficial stage. Thus, diagnostic endeavors 
to accurately stage the tumor within the bladder, 
as well as attempts to develop treatment algo- 
rithms for superficial disease (TUR, intravesical 
Bacillus Calmette-Guérin (BCG), etc.), provide 
limited value. Response to definitive curative-in- 
tent radiotherapy is poor, and no meaningful sys- 
temic chemotherapy is available. These factors 
make radical surgery the only real therapeutic 
option for patients with squamous carcinoma of 
the bladder. To date, the chance of cure for 
patients with metastatic disease has remained 
minimal. 

For non-schistosomal squamous carcinoma, 
the results of surgery are similar to the outcomes 
reported for urothelial carcinoma when compared 
stage for stage. Surgical failures die overwhelm- 
ingly from local pelvic recurrence with rare dis- 
tant metastatic disease [16, 24, 25]. 

For schistosomal squamous carcinoma, radi- 
cal surgery remains the mainstay of treatment 
with tumor stage, grade, and lymph node involve- 
ment affecting long-term outcome. An overall 
5-year survival approximating 50% has been 
reported [16, 22]. Limited reports of benefit with 
neoadjuvant radiation treatment have not resulted 
in widespread adoption of this technique [26]. 
Due to the localized nature of schistosomal 
squamous carcinoma, partial cystectomy can be 
offered in select patients with smaller tumors 
preferably in the bladder dome and in patients 
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whose tumors demonstrate a verrucous appear- 
ance. Conflicting reports of outcomes with this 
technique probably reflect patient selection dif- 
ferences [27]. Although more useful in schisto- 
somal squamous carcinoma than in urothelial 
carcinoma, partial cystectomy remains a treat- 
ment option for a very small minority of carefully 
selected patients. 


Additional Molecular Alterations 


A handful of previous studies have attempted to 
address the molecular differences that underlie 
the development of bladder squamous cell carci- 
noma. One study using a proteomics-based 
approach identified an increase in galectin-7 and 
high-molecular-weight keratins in squamous cell 
carcinoma of the bladder, although these findings 
appeared to correlate best with tumor differentia- 
tion rather than subtype [28]. A second study 
examined gene expression differences between 
nine bladder cancer cell lines, using one squamous 
cancer cell line, SCaBER, and eight conventional 
urothelial carcinoma cell lines [29]. Results from 
this study identified a combined use of keratin 10 
and caveolin-1 to stratify squamous and conven- 
tional urothelial carcinomas, although the valida- 
tion of these results was performed primarily on 
a small number of Schistosomiasis-related 
squamous cell carcinomas, which have been pre- 
viously demonstrated to contain a different 
molecular profile from  non-Schistosomiasis 
squamous cell carcinoma of the bladder. 

Several molecules identified in these and other 
studies hold promise as putative candidates in the 
development of bladder squamous cell carci- 
noma, especially if validated in a larger study of 
human bladder tumors. PTHrP is a molecule that 
is widely expressed throughout the body and 
functions to regulate smooth muscle tone, epithe- 
lial calcium transport, and cellular proliferation 
[30]. PTHrP can be expressed at high levels in 
several tumors, including lung and head and neck 
squamous cell carcinomas, and appears to medi- 
ate the paraneoplastic syndrome of “hypercalce- 
mia of malignancy” [31]. Increased levels of 
serum PTHrP, as well as immunohistochemical 
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reactivity for the PTHrP protein in bladder cancer 
specimens, have been occasionally reported in 
single patients [32]. In addition, increased expres- 
sion of PTHrP has been identified in the urothe- 
lium of patients with spinal cord injury, a 
recognized risk factor in the development of blad- 
der squamous cell carcinoma, but not in the 
urothelium of control patients [33]. PTHrP has 
been suggested to inhibit the apoptotic cascade 
and to mediate cellular proliferation by interact- 
ing with the epidermal growth factor (EGF) path- 
way [34]. Of note, increased expression of the 
EGF receptor has been well documented in non- 
invasive squamous cell lesions of the bladder 
[12], and interactions between PTHrP and EGF 
cascades may serve a role in mediating squamous 
cell carcinoma survival and proliferation in the 
bladder. 

Another differentially expressed molecule that 
is upregulated in bladder squamous cell carci- 
noma is caveolin-1. Caveolin-1 is one of a subset 
of structural proteins that functions in cellular 
protein trafficking, cholesterol homeostasis, and 
signal transduction [35]. In caveolin-1 knockout 
mice, the bladder demonstrates alterations in 
smooth muscle function and voiding difficulties, 
suggesting a role for caveolin-1 in normal blad- 
der function [36]. In addition, caveolin-1 appears 
to be upregulated in invasive bladder cancer and 
the extent of caveolin-1 expression correlates 
with the amount of squamous differentiation 
present within the tumor, although these findings 
were not validated in bladder squamous cell car- 
cinomas [37]. In contrast, normal urothelium did 
not demonstrate any expression of the caveolin-1 
protein. 

Calcitonin receptor-like receptor (CALCRL) 
has also been described in the cited studies as 
being upregulated in bladder squamous cell car- 
cinoma relative to conventional urothelial carci- 
noma. CALCRL is a cell surface receptor that 
interacts with either calcitonin or adrenomedul- 
lin, depending on the coexpression of a subset of 
interacting molecules termed RAMPs [38]. 
CALCRL, via interaction with adrenomedullin, 
has been proposed to mediate tumor-endothelial 
interaction, as well as trophoblastic cell line inva- 
sion, although the expression and function of 
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these molecules have not been studied in the 
urothelial tract [39, 40]. Finally, members of the 
carbonic anhydrase (CA) family have been stud- 
ied as mediators of the hypoxia transcriptome, 
which has also proven important in invasive blad- 
der cancer [41]. Expression of one member of the 
CA family, CA9, appears to correlate with a 
reduced survival rate in patients with conven- 
tional urothelial carcinoma [42], although no 
studies have been performed on bladder cancer 
using CA2 specifically. 
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Introduction 


Adenocarcinoma of the bladder is rare, account- 
ing for up to 2% of bladder cancers in North 
America and Europe. Most adenocarcinomas 
arise from the bladder mucosa, although about a 
third arise from urachal remnants. While adeno- 
carcinomas from these two sites are often lumped 
under the same category, relevant differences 
exist and—importantly—these are treated as two 
different tumors. Recognized risks of adenocarci- 
noma such as schistosomiasis, extrophy, bladder 
augmentation, or neurogenic bladder appear to 
induce a setting of chronic mucosal irritation. 
Intestinal metaplasia, when extensive, may be 
associated with adenocarcinoma, although its 
causal role in tumorigenesis is under debate. 
Typical manifestations are similar to the other 
more common bladder cancers, with the excep- 
tion of occasional mucosuria and the presence of 
a gelatinous mass. 
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Most adenocarcinomas are invasive and may 
be associated with a limited number of preinva- 
sive glandular lesions. Invasive adenocarcinoma 
shows a spectrum of morphologies, and it appears 
that mucinous histology behaves relatively better 
and signet-ring cell subtype poorer. Distinction 
from metastatic adenocarcinoma of other organ 
sites must be made, and pathological distinction 
is complicated by morphological and immuno- 
histochemical overlap, particularly with colorec- 
tal adenocarcinoma. Correlation with clinical, 
radiographic, and endoscopic findings is often 
critical in this differential diagnosis. 

Adenocarcinoma portends poorer survival 
than urothelial carcinoma, often due to the 
advanced stage at the time of diagnosis. Since 
data are limited to small, retrospective studies, 
multimodal treatment paradigms are poorly 
defined. The mainstay of treatment for adenocar- 
cinoma of the bladder is radical and pelvic lymph 
node. Partial cystectomy with en-bloc resection 
of bladder dome, urachal ligament, and umbili- 
cus is an accepted surgical intervention for ura- 
chal adenocarcinoma. Role of radiation therapy 
and chemotherapy remains unclear. 


Clinical Presentation 


Epidemiology and Risk Factors 

Primary adenocarcinoma of the bladder com- 
prises 0.5-2% of the bladder cancers diagnosed 
in Western countries [1] compared to nearly 10% 
of all bladder cancers identified in countries with 
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Fig. 11.1 Intestinal 
metaplasia with goblet 
cells of the urothelium 
representing a variant of 
cystitis glandularis 


endemic schistosomiasis [2]. This striking differ- 
ence is primarily due to different geographical 
risk factors. In North America and Europe, risk 
factors for primary bladder adenocarcinoma 
include bladder extrophy, bladder augmentation, 
chronic bladder irritation or infection, cystitis 
glandularis, and intestinal metaplasia [3]. 

Cystitis glandularis represents glandular 
metaplasia of von Brunn’s nests resulting from 
chronic inflammation (Fig. 11.1). While some 
believe it to be a precursor of adenocarcinoma 
[4], others have debated its significance as a true 
bladder adenocarcinoma risk factor and report 
that cystitis cystica and cystitis glandularis can 
be seen in a variety of bladder inflammatory con- 
ditions and in normal bladder biopsies [5]. Long- 
term follow-up has not established this 
inflammatory pathological finding as a definitive 
premalignant lesion. Likewise, extensive intesti- 
nal metaplasia—seen alone or in patients with a 
history of bladder extrophy—has been reported 
as an adenocarcinoma risk factor. However, 
some studies of extrophy patients with long-term 
follow-up demonstrated no subsequent malig- 
nant transformation of intestinal metaplasia into 
adenocarcinoma [6, 7]. 

The most important risk factor for the devel- 
opment of nonurachal adenocarcinoma of the 
bladder is bilharzial infection with Schistosoma 
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haematobium. Schistosomiasis is most strongly 
associated with squamous cell carcinoma of the 
bladder, but the endemic nature of this parasite 
also accounts for the larger numbers of Egyptian 
patients with adenocarcinoma histology com- 
pared to North American and European popula- 
tions. There is an increased incidence of bilharzial 
bladder cancers particularly in younger men 
within endemic areas due to the increased expo- 
sure to schistosomes in agricultural work envi- 
ronments [8]. Similar to other bladder cancers 
such as urothelial and squamous cell carcinomas, 
most nonurachal adenocarcinomas occur in men. 

It is estimated that urachal adenocarcinoma 
comprises less than 1% of all bladder cancers 
combined, yet accounts for 10-35% of primary 
bladder adenocarcinomas [9-12]. Urachal adeno- 
carcinomas occur with equal frequency in men 
and women. The median age at diagnosis is 
50-56 years, significantly younger than that 
reported for patients with nonurachal adenocarci- 
nomas (median age at diagnosis 64—69 years) 
[12-14]. The urachus is a vestigial structure that 
develops during early embryogenesis and serves 
to connect the bladder to the allantois. As the 
bladder descends into the pelvis, the lumen of the 
allantois closes and becomes the urachus, which 
in adulthood serves no functional purpose. 
Following delivery, it becomes a fibrous cord 
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known as the median umbilical ligament. 
Persistent remnants of the allantois or failure of 
the urachus to close might lead to the develop- 
ment of an urachal cyst, vesicourachal diverticu- 
lum, a patent urachus, or an epithelial neoplasm. 
Neoplasms potentially arise from any of three 
distinct tissue layers within the urachus: an epi- 
thelial canal lined by urothelium, submucosal 
connective tissue, or smooth muscle. In part due 
to the rarity of these tumors, there are no known 
risk factors for the development of urachal ade- 
nocarcinomas. In addition, autopsy series suggest 
that 70% of adults have an epithelialized canal in 
the urachus and 30% of the general population 
have some degree of a patent urachal tubular or 
cystic structure that connects anywhere along the 
midline of the bladder—most commonly to the 
dome but also to the midline posterior or anterior 
wall [15-17]. Obviously, many of these anoma- 
lies exist without ever having developed into ura- 
chal tumors. 


Signs and Symptoms 


Most patients with primary bladder adenocarci- 
noma present with symptoms similar to other 
carcinomas originating from the bladder urothe- 
lium, including gross hematuria and irritative 
lower urinary tract symptoms such as urinary 
frequency and urgency. Less common symptoms 
include those related to bladder outlet obstruc- 
tion or to renal obstruction—either dependent 
upon tumor bulk or the presence of muscle- 
invasive disease obstructing the bladder neck or 
the ureteral orifices. A majority of patients with 
urachal adenocarcinomas have locally advanced 
disease at presentation. Clinically silent local 
and distant progression are common prior to the 
onset of symptoms due to the extraperitoneal 
and often extravesical location of the tumors. 
Nevertheless, some patients with urachal tumors 
report mucosuria due to the presence of enteric 
type tumor elements visualized pathologically. 
Additional signs and symptoms include suprapu- 
bic or umbilical pain, referred pain to the genita- 
lia, umbilical discharge, or the presence of a 
suprapubic mass [18]. 
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Adenocarcinomas Metastatic to Bladder 


Nonurachal adenocarcinomas must be distin- 
guished from metastatic bladder involvement 
from other sites. Metastasis to the bladder occurs 
on average 7 years following the diagnosis of the 
primary malignancy [19]. Metastatic lesions typi- 
cally infiltrate the bladder wall, occasionally 
causing mucosal ulceration and urinary symp- 
toms [20]. Although it is often difficult to distin- 
guish primary bladder adenocarcinoma from 
metastatic disease, a high index of suspicion must 
be maintained for the possibility of metastatic 
disease particularly in patients with a known his- 
tory of a separate primary malignancy. The most 
common sites of origin of metastatic disease to 
the bladder include: genitourinary cancers 
(kidney, prostate, testis, and seminal vesicles), 
gynecologic cancers (cervix, vulva, ovary, and 
uterus), colorectal carcinomas, melanomas, 
breast cancers, and gastric cancers. The majority 
of metastatic cancers involving the bladder are 
adenocarcinomas [21] and approximately half of 
the metastatic lesions involve the bladder neck or 
trigone [22]. Metastases to the bladder dome or 
to the bladder midline are rare. 

Secondary adenocarcinomas arising from the 
genitourinary tract or from the lower gastrointes- 
tinal tract are more common than primary blad- 
der adenocarcinomas and more often involve the 
bladder through direct contact and extension. 
Colon cancers for instance may erode directly 
into the bladder and on occasion will be associ- 
ated with pneumaturia or fecaluria. Clinical his- 
tory, radiographic evaluation, and endoscopic 
assessment confirm the expected diagnosis. In 
patients without direct extension, histology alone 
may not distinguish primary from metastatic 
lesions. A primary adenocarcinoma is supported 
by the presence of glandular change of the sur- 
face urothelium, including adenocarcinoma in 
situ on biopsy [21, 22]. 

When the diagnosis is uncertain—or when a 
patient’s history, symptoms, or radiographic 
studies suggest an alternative primary site— 
examination of the breasts, prostate, colon and 
rectum should be performed (including stool for 
occult blood). Further consideration can be given 
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towards colonoscopy, esophagogastroduodenos- 
copy, and mammography pending the results of 
the physical examination and radiographic eval- 
uation. Immunohistochemical staining and other 
specialized tests may occasionally aid in distin- 
guishing primary from metastatic bladder 
involvement [23, 24]. 


Diagnostic Evaluation and Staging 


Evaluation typically includes cystoscopy, espe- 
cially when patients present with lower urinary 
tract symptoms. A transurethral resection of the 
bladder tumor (TURBT) and an exam under anes- 
thesia are required for clinical staging. If the 
patient has invasive disease, an exam under anes- 
thesia is important to determine whether the tumor 
is resectable with negative surgical margins— 
especially when cross-sectional computed tomog- 
raphy (CT) scans or magnetic resonance imaging 
(MRI) scans suggest the possibility of locally 
advanced disease. Radiographic studies of the 
chest, abdomen, and pelvis require careful scru- 
tiny as many patients present with regional or 
distant metastases. Cross-sectional imaging might 
reveal an extravesical primary tumor with meta- 
static involvement of the bladder. Occasionally, 
peritoneal carcinomatosis and pseudomyxoma 
peritonei are identified with abdominal imaging 
[11, 25]. Recent evidence suggests that positive 
Urovysion FISH results may be seen in up to 
75% of primary and secondary bladder adenocarci- 
nomas. There are significant overlapping chromo- 
somal aberrations between adenocarcinomas and 
urothelial carcinomas accounting for the positive 
FISH assays. A positive FISH result in this setting 
would not distinguish between these tumor histol- 
ogies and would need to be correlated with 
additional clinical and cytomorphologic assess- 
ments [26]. 

The TNM staging system is used for both clin- 
ical and pathological staging of primary bladder 
adenocarcinomas and is identical to the staging 
of other urothelial-derived bladder cancers, 
including urothelial carcinomas and squamous 
cell carcinomas. A different staging system is 
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Table 11.1 Sheldon staging system for urachal adeno- 
carcinoma [10] 
Stage I—No invasion beyond the urachal mucosa 
Stage II—Invasion confined to the urachus 
Stage II—Local extension into: 

Bladder (III-A) 

Abdominal wall (III-B) 

Peritoneum (III-C) 
Stage [V—Metastases involving: 

Regional lymph nodes (IV-A) 

Distant sites (IV-B) 


used for urachal adenocarcinomas as they often 
arise from the muscle wall or external to the blad- 
der and grow towards the urothelium. Sheldon 
proposed the initial staging system in 1984 
(Table 11.1) and to date this system has been the 
most widely adopted and utilized despite 
suggested modifications from other institutions 
[10, 27]. Most patients present with stage II or 
stage IV cancers due to the insidious onset of 
lower urinary tract or lower abdominal symp- 
toms. Contrary to urachal tumors, most primary 
adenocarcinomas are heralded by gross hematu- 
ria, urinary frequency, or urinary urgency. 


Pathology 


By anatomic distribution, the vast majority of 
adenocarcinomas can be divided into those aris- 
ing directly from bladder mucosa and those aris- 
ing from urachal remnants. In rare instances, 
adenocarcinoma may arise from bladder extro- 
phy and intestinal bladder augmentation or ileal 
conduit. Rarely, adenocarcinoma may arise from 
endometriosis involving the bladder. 

Several criteria have been proposed for the 
diagnosis of an urachal adenocarcinoma [18]. 
Generally, these tumors are located in the bladder 
dome or elsewhere in the midline of the bladder 
and bladder involvement is not a requirement for 
the diagnosis. When the bladder mucosa is 
involved by tumor, there is often a characteristic 
sharp demarcation between tumor and normal 
bladder surface urothelium. Other supportive cri- 
teria include the absence of urothelial dysplasia, 
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Table 11.2 Pathologic characteristics of nonurachal and urachal adenocarcinoma 


Nonurachal adenocarcinoma 


Location Most commonly trigone and 
bladder neck region 

Focality Uni- or multifocal 

Growth Solid 

Endovesical mucosal mass Present 


Histology Mucinous<nonmucinous 
Surface epithelium overlying tumor 

epithelium 
Cystitis cystica, cystitis glandularis, Common 


and intestinal metaplasia 


Urachal remnants 
if present 


Malignant or dysplastic glandular 


Absent or not associated with tumor 


Urachal adenocarcinoma 


Dome, less commonly anterior wall or 
supravesical area 


Unifocal 

Solid or cystic 

Often discreet or absent 
Mucinous>nonmucinous 


Benign urothelium or ulcerated by 
tumor 


Rare 


Occasionally seen admixed with tumor 


Fig. 11.2 (a) Bladder adenocarcinoma arising from dys- 
plastic intestinal epithelium (dark arrow) and invading 
into deep muscle (open arrow). (b) Surface epithelium is 


absence of cystitis cystica or cystitis glandularis 
transitioning to the tumor, and absence of primary 
adenocarcinoma from another organ site. A cys- 
tic or solid lower midline mass without visible 
bladder involvement merits consideration of an 
urachal tumor until proven otherwise. 

Several gross and histologic characteristics are 
helpful in distinguishing nonurachal from urachal 
adenocarcinoma (Table 11.2) (Figs. 11.2a, b and 
11.3). However, most of these features are better 
appreciated only in large resection specimens, 
and histopathological distinction in limited tissue 
samples (e.g., biopsy, TURBT) can be challeng- 
ing and may require clinical and radiologic cor- 
relations for diagnosis. 


completely replaced by dysplastic intestinal glands and 
shows transition to invasive carcinoma 


Gross Findings 


Adenocarcinoma can occur at any sites of the blad- 
der, and most commonly involves the trigone and 
ureteric insertion sites [7, 28-31]. The lesion is 
often solitary, although nonurachal adenocarci- 
noma can exhibit multifocality [30, 32, 33]. 
Urachal adenocarcinoma is typically located in 
bladder dome where the urachus is principally sit- 
uated, but may also occur along the anterior wall 
near the bladder midline and supravesical part of 
urachus [7, 24]. Very rarely, adenocarcinoma may 
arise within a bladder diverticulum [32, 34, 35]. 
The gross appearance of bladder adenocarci- 
noma varies from sessile to nodular or papillary 
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Fig. 11.3 Urachal 
adenocarcinoma. Tumor 
involves deep muscle, but 
surface epithelium is intact 
and lined by benign 
urothelium 


with variably discernable infiltrative compo- 
nent, or that indistinguishable from invasive 
urothelial carcinoma [31, 33]. Mucoid material 
may be copious and produce a gelatinous 
appearance, a finding indicative of adenocarci- 
noma. Most tumors are large, about half greater 
than 4 cm, and can extensively involve the blad- 
der wall [27, 28, 30]. Deep bladder wall inva- 
sion and extravesical extensions are common at 
presentation [14, 36, 37]. The signet-ring cell 
carcinoma subtype may extensively infiltrate 
the bladder without forming a distinct mass 
lesion [38-41]. The bladder wall appears dif- 
fusely thickened and firm due to carcinoma 
infiltration, resembling a “linitis plastica” 
appearance of gastric cancer. This pattern of 
widespread bladder infiltration has been 
described in both nonurachal and urachal sig- 
net-ring cell carcinomas [39], and indicates a 
poorer prognosis. Urachal adenocarcinoma 
often invades the bladder wall, perivesical or 
periurachal tissues, the abdominal wall, and can 
extend superiorly to involve the space of Retzius 
towards the umbilicus [42]. Early stage intra- 
mural or extravesical urachal adenocarcinoma 
often spares the bladder mucosa and is present 
without a visible mucosal lesion. 
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Histologic Features 
Noninvasive Glandular Neoplasms 


The vast majority of glandular tumors of the 
bladder are invasive tumors. Uncommonly, 
related noninvasive glandular neoplasms such as 
villous adenoma, urachal adenoma, and adeno- 
carcinoma in situ may occur. The preinvasive 
tumor should have no invasive component 
confirmed by adequate sampling and must occur 
in pure glandular form (i.e., no mixed urothelial 
carcinoma component) to classify under these 
categories. 


Villous Adenoma 

This lesion contains villiform architecture simi- 
lar to typical villous adenoma of the gastrointes- 
tinal tract [43—46]. Most villous adenomas occur 
in the bladder proper and may arise from meta- 
plastic urothelium or, less commonly, from 
urachal remnants [45—47]. The tumor exhibits 
elongated finger-like fronds containing central 
fibrovascular cores that are lined by 
pseudostratified columnar epithelium with vari- 
able intracytoplasmic mucin and goblet cells 
(Fig. 11.4). The epithelial cells display nuclear 
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Fig. 11.4 Villous 
adenoma of the bladder 


stratification, nuclear crowding, nuclear hyper- 
chromasia, and mitoses. Extracellular mucin can 
be abundant and may dissect the underlying 
stromal tissue to mimic an invasive adenocatci- 
noma. Coexistent intestinal metaplasia, cystitis 
cystica, and cystitis glandularis are often present 
in adjacent bladder mucosa. Associated invasive 
adenocarcinoma is present in up to 53% of cases 
[45]. The morphology of the invasive adenocar- 
cinoma component is often similar to that of vil- 
lous adenoma. High-grade noninvasive foci—or 
adenocarcinoma in situ—is seen in up to 17% of 
villous adenomas that contain more complex 
architecture such as cribriform glands, severe 
nuclear atypia, and increased mitotic activity. 
Prognosis is excellent with a pure noninvasive 
villous adenoma [45, 46]. The presence of con- 
comitant invasive adenocarcinoma may result in 
recurrence and metastasis, and thus requires 
more aggressive therapy. Villous adenomas 
should be completely sampled and examined 
histologically to ensure the absence of invasive 
adenocarcinoma component. 


Urachal Adenoma (Mucinous 
Cystadenoma) 

There are a few reports of low-grade tumors aris- 
ing in the urachus, and these lesions present as 
mucous-filled cystic or multilocular lesions that 
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lack an invasive carcinoma component [47-50]. 
Most of these tumors occur in the lower aspect of 
the urachus. The lesions are lined by cuboidal to 
columnar cells of enteric to mucinous type with 
occasional goblet cells (Fig. 11.5). Some authors 
proposed the term “mucinous cystic tumor of 
uncertain malignant potential” for noninvasive 
low-grade adenomatous cystic lesions exhibiting 
minimal pleomorphism, in a similar manner to 
appendiceal mucinous tumors, which harbor a 
better prognosis [48, 51]. High-grade foci, when 
present, are characterized by increased cellular- 
ity, stratification, and severe cytologic atypia. 
Invasive adenocarcinoma and pseudomyxoma 
peritonei can arise from urachal adenoma [52, 53]. 
Data are limited, but reported pure urachal ade- 
nomas behave favorably. Similar to villous ade- 
noma, noninvasive urachal tumors should be 
extensively sampled and examined histologically 
to make certain the absence of an invasive carci- 
noma component. 


Adenocarcinoma In Situ 

Rarely, adenocarcinoma without associated vil- 
lous architecture or an invasive component may 
arise from bladder mucosa [54]. Most adenocar- 
cinoma in situ reported in the literature is often 
admixed with urothelial carcinoma, either insitu, 
papillary or invasive. Controversy exists in 
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Fig. 11.5 Urachal 
cystadenoma. The cyst is 
lined by low-grade 
dysplastic intestinal 
epithelium with focal 
stratification and no 
stromal invasion 


classifying these lesions, as some experts strictly 
require adenocarcinoma to be in pure form, and 
prefer to label mixed tumors as urothelial carci- 
noma with glandular differentiation [55]. 
However, pure glandular lesions do occur in 
10% of adenocarcinoma in situ cases. 
Adenocarcinoma in situ can have a papillary, cri- 
briform, or flat architecture and the bladder sur- 
face is lined by columnar cells with elongated 
nuclei and apical cytoplasm. The degree of cyto- 
logical atypia is often moderate to severe and 
mitoses are frequent. The majority of patients 
with mixed and pure adenocarcinoma in situ 
have an associated invasive carcinoma either 
concurrently or subsequently that may include 
urothelial carcinoma (often micropapillary type) 
and small cell carcinoma. Progression to inva- 
sive adenocarcinoma, however, is not typical, at 
least in the reported cases [54]. Compared with 
urothelial carcinoma in situ, progression to inva- 
sive carcinoma is relatively higher in adenocar- 
cinoma insitu (36% vs. 74%) [54]. 


Invasive Adenocarcinoma 
Several morphological subtypes have been 


described for invasive adenocarcinoma and 
encompass both bladder and urachal tumors [9, 12, 
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28, 56]. Terminologies used have varied among 
authors [9, 12, 28, 56]. The nomenclature used by 
Grignon et al. [9] is the most widely recognized 
and includes mucinous, enteric, signet-ring cell, 
not-otherwise specified, and mixed subtypes 
(Fig. 11.6) [57, 58]. Admixture of these morpho- 
logical patterns is common, and a 75% cut-off for 
a predominant pattern is used to consider a sub- 
type distinct [9]. Rare variants, including clear 
cell and hepatoid adenocarcinomas, have been 
subsequently included into the classification 
scheme [59—63]. Distribution of morphological 
subtypes slightly varies between nonurachal and 
urachal adenocarcinomas [12]. Mucinous mor- 
phology is more often seen in urachal adenocar- 
cinomas (48-50%), whereas nonmucinous 
subtypes are predominant in non-urachal adeno- 
carcinomas (17-24%) [9, 12,64]. The significance 
of morphological subtyping in adenocarcinoma 
is unclear, although the mucinous subtype is con- 
sidered to be less aggressive, whereas the signet- 
ring cell subtype shows aggressive behavior [9, 
16, 29]. The degree of tumor differentiation, 
however, has been shown to be an important 
prognostic variable, with low-grade or better dif- 
ferentiated tumors behaving relatively better [12, 
27, 65]. 

Cystitis cystica, cystitis glandularis, and intes- 
tinal metaplasia are occasionally seen in the 
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Fig. 11.6 Enteric, mucinous, signet-ring cell, and not-otherwise specified morphologic subtypes of adenocarcinoma 


(counterclockwise from upper left) 


adjacent bladder mucosa associated with a nonu- 
rachal adenocarcinoma. However, cystitis cystica 
and cystitis glandularis may also be seen—albeit 
infrequently—in the mucosa of a bladder with 
urachal adenocarcinoma. Thus, the presence of 
these benign lesions does not preclude a diagno- 
sis of an urachal primary [66]. Cystitis cystica is 
a von Brunn nest that acquired luminal space and 
became cystically dilated and sometimes con- 
tains eosinophilic secretions. Typical cystitis 
glandularis consists of glands with innermost lin- 
ing composed of cuboidal or columnar cells sur- 
rounded peripherally by urothelial cells. Those 
that contain abundant mucin-secreting goblet 
cells are known as cystitis glandularis of intesti- 
nal type. Cystitis cystica and cystitis glandularis 
can be florid; the latter when extensive may 
mimic a well-differentiated adenocarcinoma. 
Benign urachal remnants may be identified in 
up to 63% of urachal adenocarcinomas and are 
lined by either benign urothelial or glandular 
cells (Fig. 11.7) [66]. Adenomatous change may 


be seen in these epithelial remnants and demon- 
strate a morphological transition to invasive 
carcinoma. 


Mucinous (Including Colloid) 

Glands or nests of malignant mucinous epithe- 
lium in a background of variable amounts of 
extracellular mucin characterize this subtype. 
More often, mucin is copious and clusters of 
tumor cells appear to float in a mucinous pool, 
specifically referred to as colloid type adenocar- 
cinoma (Fig. 11.8) [9, 43]. Carcinoma cells in 
nests, cords, or cribriform structures are seen 
within the mucinous pool. Occasionally, signet- 
ring cells are seen in mucinous lakes admixed 
with mucin-containing cells. 


Enteric (Colonic) 

The architecture and cytology of this subtype 
resemble typical primary intestinal adenocarci- 
noma [9, 28, 56, 66] and consist of irregular or 
cribriform glands lined by tall columnar cells 
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Fig. 11.7 Benign urachal 
remnants seen within 
urachal mucinous 
adenocarcinoma 


Fig. 11.8 Colloid 
adenocarcinoma with 
predominant mucinous 
epithelium. Occasional 
signet-ring cells are seen 
floating in mucinous pool 


with basally situated elongated or pencil-shaped 
nuclei. This subtype is morphologically indistin- 
guishable from an extension of colorectal carci- 
noma to the bladder. Extracellular mucin is 
typically not abundant, although the enteric sub- 
type with copious mucin resembling colloid car- 
cinoma does occur [66]. 


Signet-Ring Cell 

These carcinoma cells contain intracytoplasmic 
mucin that peripherally displaces the nucleus [38, 
40, 67]. Intracellular mucin may appear as a sin- 
gle clear vacuole or as foamy vesicular cytoplasm. 
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Signet-ring cells occur either in pure form or may 
be variably admixed with other morphological 
subtypes [40, 66]. In urachal adenocarcinoma, 
signet-ring cells are often seen floating in muci- 
nous pools [67]. The strict definition of signet- 
ring cell carcinoma requires tumors composed 
predominantly of signet-ring cells and lacking 
abundant extracellular mucin. This poorly differ- 
entiated carcinoma typically invades in a single 
cell pattern and tends to infiltrate the bladder wall 
diffusely, producing a “linitis plastica” appear- 
ance seen in gastric signet-ring cell carcinoma [68]. 
Prognosis is worse with pure diffuse signet-ring 
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cells (versus those with mixed histology) and 
with nonurachal carcinomas (versus urachal sig- 
net-ring cell carcinoma) [40]. 


Not-Otherwise Specified Type 

This subtype pertains to nonurothelial gland- 
forming carcinomas that do not conform to any 
of the described morphological types. This pat- 
tern is relatively more common in nonurachal 
than in urachal adenocarcinoma [9]. 


Mixed 

Admixture of these patterns may occur, as long 
as none of the specific morphological subtypes 
comprising more than 75% of the tumor [9]. 


Unusual Variants 


Clear Cell Adenocarcinoma 

This distinctive type of bladder adenocarcinoma 
has a conspicuous component of cells with abun- 
dant clear cell cytoplasm and hobnail morphol- 
ogy, histologically similar to those occurring in 
the gynecologic tract [59-61]. The carcinoma 
cells have high-grade cytology and exhibit tubu- 
locystic, papillary, or solid growth. The origin of 
this tumor is controversial and suggested to be 
Miillerian in nature because of its strong female 
preponderance and propensity to occur concomi- 
tantly with endometriosis of the bladder. However, 
its periodic admixture with urothelial carcinoma 
suggests an origin in the bladder urothelium. It is 
suggested that clear cell adenocarcinoma tends 
not to behave aggressively even when diagnosed 
at high stage [59]. 


Hepatoid Adenocarcinoma 

This rarest subtype of bladder adenocarcinoma 
has a striking morphological, ultrastructural, and 
immunohistochemical resemblance to hepatocel- 
lular carcinoma, and includes cords or trabeculae 
of malignant polygonal cells with abundant cyto- 
plasm, intracytoplasmic hyaline globules, bile 
canaliculi formation, and bile duct production 
resembling hepatocytic cells [62, 63]. This tumor 
also expresses markers of hepatocyte differentia- 
tion such as HepPar1, alpha-fetoprotein (AFP), 
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and polyclonal carcinoma embryonic antigen 
(CEA) within a canalicular pattern [62, 63]. 
Knowledge of this unusual subtype is important 
and should not be mistaken as bladder involve- 
ment by metastatic hepatocellular carcinoma or 
yolk sac tumor with hepatoid morphology. 
Hepatoid adenocarcinoma is suggested to have 
an aggressive behavior. The exact histogenesis of 
this tumor is unclear. 


Immunohistochemistry 


The immunohistochemical staining profile of 
bladder adenocarcinoma closely resembles that of 
adenocarcinoma of the gastrointestinal tract. 
Bladder adenocarcinoma typically expresses the 
intestinal markers villin, CEA, and CDX2 [66, 69, 
70], although some studies suggested expression 
to be less frequent than in colonic adenocarcinoma 
(23, 71, 72]. CK7 and CK20 staining is variable in 
bladder adenocarcinoma and overlaps with that 
seen in colorectal adenocarcinomas [23, 66, 69, 
70, 72]. Among the epithelial markers, keratin 
34BE12 is expressed in 66% of urachal carcino- 
mas in contrast to only 11% of colonic adenocar- 
cinoma [66]. Currently, nuclear -catenin 
expression appears to be the most specific in dis- 
tinguishing colonic from bladder adenocarcinoma 
(Fig. 11.9) [23, 66, 69]. Whereas the majority of 
colonic adenocarcinomas are nuclear P-catenin 
positive (81%), bladder adenocarcinoma is gener- 
ally negative [23, 69]. Focal expression of nuclear 
B-catenin can be seen in 7% of urachal carcino- 
mas [66]. B-catenin staining is ubiquitously pres- 
ent in the cytoplasm of both colonic and bladder 
adenocarcinomas and the background reaction 
may cause difficulty in the interpretation of 
nuclear staining. Thus, there is no absolute marker 
to distinguish bladder and colonic adenocarci- 
noma. However, diffuse nuclear B-catenin stain- 
ing would argue against bladder adenocarcinoma 
and diffuse keratin B E12 staining would argue 
against colonic adenocarcinoma. 

Similarly, bladder and gastrointestinal tract 
signet-ring cell carcinomas exhibit overlap in 
the expression of CK7, CK20, CDX2, and 
B-catenin, although the expression of intestinal 
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Fig. 11.9 (-catenin immunostain shows nuclear positivity in colonic adenocarcinoma (left) and nuclear negativity 
in bladder adenocarcinoma (right). Both tumors show cytoplasmic staining 


markers seem to be lower in bladder signet-ring 
cell carcinoma [68]. The intestinal markers clau- 
din-18 and REG-IV are considered to be specific 
for gastric signet-ring cell carcinoma (versus 
lung and breast signet-ring cell carcinomas); 
however, these are also expressed by bladder 
signet-ring cell carcinoma [69]. Thus, no marker 
can differentiate bladder from gastrointestinal 
signet-ring cell carcinoma. Distinction from sig- 
net-ring cell carcinomas of other organ sites 
such as lung or breast can be aided by their lack 
of expression of intestinal markers. 

Bladder adenocarcinoma does not stain with 
the traditional prostate markers prostate-specific 
antigen (PSA) and prostate-specific acid phos- 
phate (PSAP), although rare cross-reactivity with 
polyclonal antibody to PSAP can occur [9, 72, 
73]. PSAP staining, when present in bladder ade- 
nocarcinoma, is only focal, whereas it is diffuse in 
prostate adenocarcinoma [9, 74]. The newer pros- 
tatic markers P501S (prostein) and prostate- 
specific membrane antigen (PSMA) are expressed 
in 11% of bladder adenocarcinomas, show moder- 


ate to diffuse staining, and thus should be inter- 
preted with caution in the differential diagnosis 
with prostate adenocarcinoma [73]. Unlike blad- 
der adenocarcinoma, prostate adenocarcinoma 
typically exhibits granular perinuclear P501S 
staining and apical membranous PSMA staining 
[73]. The prostate cancer selective marker a 
methylacyl coenzyme A racemase (AMACR) also 
stains bladder adenocarcinoma; hence, it is not 
useful in this differential diagnostic context [71]. 
Thus, PSA and monoclonal PSAP are the most 
specific markers in distinguishing prostate from 
bladder adenocarcinoma. However, poorly differ- 
entiated prostate carcinoma may lose PSA and 
PSAP expression in 15% and 5% of cases, respec- 
tively [73], and other prostate markers such as 
P501S and PSMA can be added in this scenario. 

Other subtypes such as clear cell adenocarci- 
noma strongly express CA125 and hepatoid ade- 
nocarcinoma expresses hepPar1, AFP, 
ol-antitrypsin, and canalicular polyclonal CEA 
pattern, which are unique for these subtypes [59, 
60, 62, 63]. 
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Histological Differential Diagnosis 


Cystitis glandularis of intestinal type—when 
extensive and with mucin extravasation—may 
histologically mimic a well-differentiated blad- 
der adenocarcinoma [75, 76]. In contrast to blad- 
der adenocarcinoma, cystitis glandularis lacks 
cytologic atypia and has few or absent mitoses. 
Cystitis glandularis has sharp underlying bound- 
ary and lacks destructive stromal infiltration, in 
contrast to the irregular infiltrative glands of blad- 
der adenocarcinoma, which may deeply infiltrate 
the muscularis propria. 

Glandular differentiation can be seen in 6% of 
invasive urothelial carcinomas [77] and is charac- 
terized by the presence of lumina lined by colum- 
nar epithelium with apical cytoplasm and variable 
mucin (true glands). Rarely, gland-like spaces 
may occur in urothelial carcinoma, in which the 
lumina are lined instead by urothelial cells. True 
glandular differentiation and gland-like lumina 
can be distinguished from pure bladder adenocar- 
cinoma by the presence of an admixed, typical in 
situ, papillary, or invasive urothelial carcinoma 
component. Diagnosis can be challenging in lim- 
ited tissue samples when the lesion is not appre- 
ciated in its entirety (i.e., biopsy). The clinical 
significance of true glandular differentiation in 
urothelial carcinoma is unclear, although pure 
bladder adenocarcinoma appears to behave more 
aggressively than urothelial carcinoma. 

Secondary adenocarcinoma of the bladder 
can be due to a metastasis from other primary 
sites or more commonly from direct extension 
by prostate or colorectal adenocarcinoma. 
Metastases to bladder from other organ sites 
often occur at a late stage or with disseminated 
disease and thus uncommonly pose a clinico- 
pathological diagnostic problem. Difficulty in 
diagnosis, however, may occur when adenocar- 
cinoma is encountered at a metastatic site (e.g., 
lymph node biopsy). Colorectal adenocarcinoma 
resembles enteric type bladder adenocarcinoma 
and distinction is virtually impossible by mor- 
phology alone. Diagnosis can be aided by the use 
of immunohistochemistry (keratin BEI2 and 
B-catenin) and with clinical, endoscopic, and 
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radiological correlation. Secondary invasion by 
prostate adenocarcinoma to bladder is far more 
common than primary bladder adenocarcinoma. 
Morphological distinction from bladder adeno- 
carcinoma of conventional (acinar) prostatic 
adenocarcinoma is less problematic, although 
the ductal adenocarcinoma and mucinous 
variants of prostatic adenocarcinoma can be a 
challenging differential diagnosis. Use of immu- 
nohistochemical stains including prostatic (PSA 
and monoclonal PSAP) and intestinal (CDX2, 
villin) markers is helpful in these situations. 
Distinction from adenocarcinomas of other sites 
such as breast and lung primaries can be aided by 
their lack of expression of CK20 and intestinal 
markers. 

Clear cell adenocarcinoma can be mimicked 
by nephrogenic adenoma because of its clear and 
hobnailed cells. However, degree of atypia is 
more severe and mitosis is frequent in clear cell 
adenocarcinoma. 


Clinical Features, Management, 
and Survival 


Adenocarcinomas of the bladder appear more 
aggressive than urothelial carcinomas, largely 
due to the presence of advanced disease in 
patients at the time of diagnosis [14, 37]. Evidence 
suggests that overall survival is very much stage 
dependent [78]. However, when adjusting for 
tumor stage and grade, some reports reveal equiv- 
alent survival outcomes compared with the more 
predominant group of patients with urothelial 
cell histology [14]. A more favorable prognosis is 
recognized in patients with urachal and bilharzial 
adenocarcinomas compared to patients with pri- 
mary adenocarcinomas [78]. 


Nonschistosomal-Associated 
Adenocarcinoma 


The optimal multidisciplinary management 
strategy for nonbilharzial primary adenocarcino- 
mas has been poorly defined due to the rare 
occurrence of this tumor and the resultant lack 
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of evidence-based treatment paradigms. 
Nevertheless, the central component of multi- 
modality therapy centers on surgical resection. 
A minority of patients present with nonmuscle- 
invasive tumors. Cystoscopy and transurethral 
resection of tumor alone are rarely sufficient. 
Most patients with adenocarcinoma confined to 
the urothelium (clinical stage Ta) or to the under- 
lying lamina propria (clinical stage T1) would 
experience tumor recurrence or tumor progres- 
sion with observation alone. Current intravesical 
therapies (i.e., BCG, mitomycin-C) have no 
proven efficacy in the management of nonmus- 
cle invasive bladder adenocarcinoma. For pri- 
mary adenocarcinomas, cystectomy (with or 
without adjuvant radiation therapy), pelvic 
lymph node dissection, and urinary diversion 
remain the standard of care. The goals of surgi- 
cal therapy include a complete resection charac- 
terized by the prevention of tumor spillage, the 
achievement of negative surgical margins (RO), 
and a complete lymphadenectomy [79]. Primary 
radiation therapy is an option for otherwise 
unacceptable cystectomy candidates. Whether 
primary radiation therapy produces inferior, 
equivalent, or better results than surgery is 
unknown due to the limitations with experience 
in patients with this type of cancer. 

Most experience with nonbilharzial primary 
bladder adenocarcinomas in North America is 
reported in the form of retrospective case series 
with limited numbers of patients often managed 
over decades [9, 13]. Five-year survival in these 
series ranges from 30 to 48%, inferior to the sur- 
vival typically reported for patients with urothe- 
lial carcinoma of the bladder. Recently, Rogers 
et al. [37] evaluated patients undergoing cystec- 
tomy at three different academic institutions. 
Five-year cancer-specific survival for urothelial 
carcinoma and adenocarcinoma were 68% and 
13%, respectively [37]. The survival difference 
was likely due to the significantly greater per- 
centage of adenocarcinoma patients with patho- 
logic stage T3-T4 disease (76% vs. 42%). 
Lughezzani and colleagues [14] examined 17 
Surveillance, Epidemiology, and End Results 
registries for patients diagnosed with bladder 
adenocarcinoma over an 18-year period. While 
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there were no differences in stage-specific sur- 
vival amongst patients with adenocarcinoma 
compared to urothelial carcinoma, significantly 
greater percentages of adenocarcinoma patients 
had pathologic stage T3-T4 disease (61.4% vs. 
47.3%) and lymph node positive disease (26.5% 
vs. 21.7%) [14]. The similar stage-specific sur- 
vival suggests that there are biologic features 
common to other urothelial-derived malignan- 
cies. It is poorly understood why patients with 
adenocarcinoma present with more advanced dis- 
ease. There are several different histologic sub- 
types of adenocarcinomas that might potentially 
impact tumor invasiveness and disease progres- 
sion. The signet-ring cell subtype appears to be 
particularly aggressive. The presence of increas- 
ing tumor percentages of signet-ring cell differ- 
entiation has been associated with a poor 
prognosis. These patients have an increased rate 
of adverse pathologic features such as an unre- 
sectable primary tumor and lymph node metasta- 
ses, both characteristics leading to decreased 
overall survival [7]. 


Schistosomal-Associated 
Adenocarcinoma 


Most experience with bilharzial adenocarcino- 
mas is derived from Egypt where schistosomiasis 
is endemic and where bladder cancer is the most 
common and the second most common cancer 
diagnosed amongst men and women, respectively 
[78]. A recent extensive surgical series update 
revealed that 9.6% of patients undergoing cystec- 
tomy had primary nonurachal adenocarcinoma 
(compared to 49.4% with squamous cell carci- 
noma and 36.4% with urothelial carcinoma). Of 
the patients with adenocarcinoma, 83% were 
found to harbor bilharzial eggs [2]. Contrary to 
the reported experience with nonbilharzial ade- 
nocarcinoma, approximately 20% of patients in 
this series had pT3 or pT4 cancer, approximately 
20% had lymph node positive disease, and 5-year 
survival was 57.5%, a significant improvement in 
all pathologic and survival parameters over 
patients with nonbilharzial disease [2]. Differences 
in tumor grade between nonbilharzial and 
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bilharzial adenocarcinomas likely affect the 
reported differences in pathologic findings and 
survival. The majority of tumors are lower grade 
tumors (grade I or grade II) in patients with bil- 
harzial adenocarcinoma compared to a much 
greater incidence of high-grade tumors in patients 
with primary nonbilharzial adenocarcinoma and 
urothelial carcinoma [2, 14]. 


Urachal Adenocarcinoma 


While partial cystectomy might be an option for 
highly selected patients with urothelial carcino- 
mas, the routine surgical management of urachal 
adenocarcinomas involves the en-bloc resection 
of the bladder dome (or the midline portion of the 
bladder involved by tumor), the urachal ligament, 
and the umbilicus [11, 42, 66]. En-bloc resection 
is supported by recent observations that up to 7% 
of patients with urachal cancer have primary 
tumors that involve the umbilicus [10, 11] and 
relapse rates are higher in patients that do not 
undergo en-bloc resection [11, 27]. Minimally 
invasive surgical approaches for both cystectomy 
and partial cystectomy have been described, albeit 
with relatively short-term follow-up [80-82]. The 
advantages afforded to patients with minimally 
invasive approaches include less blood loss and 
more rapid convalescence. As most patients with 
adenocarcinomas have locally advanced disease, 
patients offered minimally invasive surgery will 
need to be selected carefully to maximize the 
therapeutic efficacy of surgery for these high-risk 
tumors. 

The 5-year overall survival for patients with 
urachal adenocarcinoma is reported to be 27-61% 
[9, 11, 12, 83, 84]. Good prognostic factors for 
patients with urachal adenocarcinomas include 
negative surgical margins, en-bloc excision of the 
urachal tumor with the umbilicus (plus the por- 
tion of involved bladder), and the absence of 
lymph node metastases, distant metastases, and 
peritoneal carcinomatosis [11, 27, 85]. Patients 
with regional lymph node metastases have a clin- 
ical course similar to patients with distant metas- 
tases in that long-term survival is reportedly poor 
for both clinical scenarios [11]. 
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Recent data reveal that patients with urachal 
adenocarcinoma have a better prognosis than 
patients with primary nonbilharzial adenocarci- 
noma, even though a significantly greater propor- 
tion of patients with urachal tumors present with 
distant metastases. On the contrary, urachal 
tumors are more likely to be well or moderately 
differentiated compared with nonurachal adeno- 
carcinomas (65% vs. 34%). Urachal tumors are 
diagnosed at an earlier age of onset, likely in 
patients with fewer competing comorbidities 
compared to patients with primary bladder ade- 
nocarcinoma. Inareview of available Surveillance, 
Epidemiology, and End Results (SEER) data, the 
5-year overall survival was greater for patients 
with urachal tumors (48%) compared to those 
with nonurachal adenocarcinoma (35%), even 
after adjusting for stage, grade, age, histologic 
subtype, gender, surgical management, and the 
year of diagnosis. Median survival was demon- 
strated to be 58 and 29 months, respectively [12]. 
In the same SEER analysis, patients with local- 
ized disease had nonsignificant differences in 
survival. However, in patients with regional or 
distant disease, the risk of death was significantly 
less in those with urachal cancers [12]. 


Radiation Therapy and Chemotherapy 


The role of both radiation and chemotherapy for 
bladder and urachal adenocarcinoma is poorly 
defined. Effective multimodality treatment strat- 
egies are desired given the high risk of local 
recurrence following cystectomy and the unfa- 
vorable survival implications associated with the 
development of both regional and distant meta- 
static diseases. At least in North America and in 
Europe, the incidence of adenocarcinoma is low. 
Accrual to clinical trials exploring new treatment 
paradigms would require many years and a con- 
certed effort amongst major high-volume aca- 
demic centers. As a result, experience with 
nonsurgical local or systemic therapies is limited 
to retrospective case series or anecdotal single- 
institutional reviews. 

Most experience with neoadjuvant or adjuvant 
radiation stems from nations with endemic 
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schistosomiasis. While adenocarcinoma accounts 
for a far greater percentage of patients with blad- 
der cancer in these regions compared to Western 
countries, it still represents a smaller percentage 
of patients than those with squamous cell carci- 
noma or urothelial carcinoma. Neoadjuvant and 
adjuvant radiotherapy may be beneficial in 
patients with bilharzial cancers, particularly for 
patients with locally advanced tumors (patho- 
logic stage T3 or T4) [86, 87]. Specifically in 
patients with bilharzial adenocarcinoma, a large 
retrospective review of cystectomy patients man- 
aged with postoperative adjuvant radiation 
revealed a significantly improved 5-year disease- 
free survival rate (61%) compared to patients 
managed with surgery alone (37%). Disease-free 
survival was likely impacted most by the improve- 
ment in local control, which was 53% in cystec- 
tomy alone patients compared to 96% for the 
postoperative radiotherapy patients [88]. 
Unfortunately, there are insufficient data to deter- 
mine how radiation therapy should be integrated 
into the management of patients with nonbilhar- 
zial or urachal adenocarcinomas. The most com- 
mon indication would include patients with 
positive surgical margins. Otherwise, experience 
is limited and recommendations are based on low 
level or anecdotal evidence. 

Similar to experience with radiation therapy, 
there is little current evidence that systemic che- 
motherapy favorably impacts survival. Traditional 
cisplatin-based chemotherapy regimens used for 
urothelial carcinoma (i.e., MVAC) may have little 
impact on urachal and nonurachal adenocarcino- 
mas. Physicians from the Mayo clinic evaluated 
their long-term experience in patients with ura- 
chal cancers. They identified no survival benefit 
in 39 patients who required salvage chemother- 
apy for advanced or for metastatic disease [27]. 
Other centers have reported limited response 
rates in patients treated for adenocarcinoma using 
the combination regimen of ifosfamide, pacli- 
taxel, and cisplatin [89]. Urachal adenocarcino- 
mas share a clinical course more typical of 
colorectal adenocarcinomas and may respond to 
perioperative 5-fluorouracil (SFU)-based regi- 
mens. A report from MD Anderson Cancer 
Center revealed a 33% response rate to the com- 
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bination of 5FU and cisplatin [11]. Based on 
these encouraging findings, researchers have ini- 
tiated a trial specifically for bladder adenocarci- 
noma and urachal adenocarcinoma patients using 
the regimen containing 5FU, leucovorin, gemcit- 
abine, and cisplatin [11]. Currently, there are no 
standard recommendations regarding the use of 
neoadjuvant or adjuvant chemotherapy for ade- 
nocarcinoma although adjuvant treatment may be 
offered based on more recent experience with 
systemic therapies. 
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Introduction 


Proliferations of mesenchymal cells, which are 
mesoderm-derived cells that form connective 
tissues, are uncommon in the urinary bladder. 
The majority of these lesions are comprised of 
cells with myofibroblastic, smooth muscle, or 
skeletal muscle lineage. Urothelial carcinomas 
may also rarely have a spindle cell histology 
that closely mimic mesenchymal cells, and in 
some cases specific lines of true mesenchymal 
differentiation such as chondrosarcoma may be 
present (i.e., carcinosarcoma). This spectrum of 
mesenchymal lesions may be diagnostically 
challenging for pathologists due to the degree of 
histologic overlap between clinically benign 
and malignant lesions. In some instances, the 
number of different diagnostic terms that have 
been applied to the same lesion has added 
unnecessary confusion for urologists and pathol- 
ogists alike. Finally, given the rarity of this 
spectrum of lesions, there are often little data 
available to help guide therapeutic decision- 
making. We discuss these diagnostic and treat- 
ment issues related to mesenchymal lesions of 
the urinary bladder in this chapter. 
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Myofibroblastic Proliferations 


Identical myofibroblastic proliferations of the 
urinary bladder have been described under a 
variety of names, which include postoperative 
spindle cell nodule, inflammatory pseudotumor, 
pseudosarcomatous fibromyxoid tumor, pseu- 
dosarcomatous myofibroblastic proliferation, 
pseudosarcomatous spindle cell proliferation, and 
inflammatory myofibroblastic tumor (IMT) 
[1-16]. Myofibroblastic lesions are commonly 
divided into three diagnostic categories based on 
the (1) presence or (2) absence of a prior history 
of bladder instrumentation or (3) an association 
with overlying urothelial carcinoma [17, 18]. It 
should be emphasized that, for practical purposes, 
these three lesions are histologically indistin- 
guishable, a finding that has led some authors to 
combine them under one diagnostic term “‘pseu- 
dosarcomatous myofibroblastic  proliferation/ 
tumor” [3, 6, 14, 19, 20]. These myofibroblastic 
proliferations of the urinary bladder most com- 
monly occur in the second to fourth decade of life, 
but they may also occur in children [3, 6, 21]. The 
most common presenting symptom is gross hema- 
turia, but abdominal pain and irritative or obstruc- 
tive voiding symptoms have also been described. 

Postoperative spindle cell nodules, by 
definition, occur after trauma, typically follow- 
ing bladder instrumentation. The time interval 
between instrumentation and development of a 
cellular proliferation is typically a few weeks to 
months; however, some authors have suggested 
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Fig. 12.1 Myofibroblasts 
have elongated cytoplasmic 
processes, fine nuclear 
chromatin, and variable 
nucleoli. Multiple nucleoli 
should not be taken as 
evidence of malignancy 


that rare cases may occur a year or more after 
the initial insult. These post-instrumentation 
proliferations are usually small and rarely 
exceed | cm. 

Pseudosarcomatous myofibroblastic prolifer- 
ations (also called IMTs) are indistinguishable 
from trauma-induced postoperative spindle cell 
nodules; however, these lesions are typically 
larger in size (usually 2—8 cm, but over 30 cm 
reported). The recurrence rate for lesions in the 
urinary bladder has ranged from 0 to 19% and no 
metastases have been reported. One patient death 
secondary to urinary obstruction from local mass 
effect of an unresected vesical pseudosarcoma- 
tous myofibroblastic proliferation has been 
reported [9]. There is controversy regarding diag- 
nostic terminology for these lesions, which can 
be confirmed by a survey of the nomenclature 
employed in current textbooks. Some authors 
suggest that vesical myofibroblastic prolifera- 
tions are distinct from IMTs and should be com- 
bined under the term “pseudosarcomatous 
myofibroblastic proliferations,” but this concept 
is still debated [11, 13]. 

Myofibroblastic proliferations have also been 
described in association with urothelial carci- 
noma (i.e., pseudosarcomatous stromal reaction 
associated with carcinoma) [17, 18]. These 
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myofibroblastic proliferations may be intimately 
admixed with carcinoma or form a separate 
tumor-like nodule. In addition, patients with 
urothelial carcinoma may develop an otherwise 
typical postoperative spindle cell nodule second- 
ary to prior transurethral resection. Because of the 
biphasic appearance, the main differential diag- 
nosis for pathologists in this scenario is a sarco- 
matoid urothelial carcinoma. The distinction from 
malignant spindle cell lesions (e.g., leiomyosar- 
coma or sarcomatoid urothelial carcinoma) is the 
most clinically relevant task for the pathologist. 


Pathology of Myofibroblastic 
Proliferations 


Myofibroblastic proliferations have a characteris- 
tic cytology and low power architecture. 
Cytologically, the individual cells may appear 
spindled or stellate; the ends of the cells are usu- 
ally tapered with elongated cytoplasmic processes 
identifiable at high power examination (Fig. 12.1). 
The cytoplasm varies from eosinophilic to more 
amphophilic. Nuclei have tapered or blunted ends 
with bland, noncondensed nuclear chromatin, 
and may show one or more small nucleoli. In 
some cases, the degree of variation in the size of 
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Fig. 12.2 Myofibroblastic 
proliferations often have 
myxoid stroma and a 
variable admixture of 
inflammatory cells 


Fig. 12.3 Large 
myofibroblastic 
proliferations may involve 
the muscularis propria. 
This feature does not 
denote malignancy 


individual cells may be pronounced, and scat- 
tered cells may have prominent macronucleoli. 
Despite these unusual features, however, the 
nuclear chromatin remains evenly distributed. 

The most common pattern in the urinary blad- 
der is myxoid that is characterized by a very 
loose, disorganized appearance (Fig. 12.2). There 
is often an associated mixed chronic inflammatory 
infiltrate and an irregular network of poorly orga- 
nized small blood vessels. The lesional 
myofibroblastic cells frequently infiltrate the 
muscularis propria, but this should not be regarded 
as a sign of malignancy (Fig. 12.3). 


WAERN, 
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4 AA 0 
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Recent studies of vesical myofibroblastic pro- 
liferations have documented both ALK-1 (ana- 


plastic lymphoma kinase) expression by 
immunohistochemistry and ALK gene rearrange- 
ments by FISH analysis in a subset of cases, 
findings typical of IMT in other anatomic sites 
[12, 22-25]. Whether the presence or absence of 
ALK-1 immunoreactivity/rearrangement has any 
clinical significance or defines subsets of 
myofibroblastic lesions in the bladder remains to 
be determined. 

The immunophenotype of myofibroblastic 
proliferations in the urinary bladder is somewhat 
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Fig. 12.4 Some invasive 
urothelial carcinomas may 
be associated with a florid 
myofibroblastic 
proliferation. In this 
example, large islands of 
carcinoma are surrounded 
by a myofibroblastic 
stromal response 


different than that reported at other anatomic 
sites. Cytokeratin reactivity is frequently observed 
in myofibroblastic proliferations of the bladder 
(up to 84% in some series) [26] and most cases 
show reactivity for smooth muscle actin, while 
desmin expression is variable. Strong coexpres- 
sion of smooth muscle actin and cytokeratin is 
characteristic of vesical myofibroblasts. Although 
h-caldesmon was initially touted as a specific 
marker of smooth muscle with utility in the dis- 
tinction from myofibroblasts [27], h-caldesmon 
immunoreactivity was reported in 57-66% of 
vesical myofibroblastic lesions examined in two 
subsequent studies [13, 23]. 

Recent series have documented ALK-1 expres- 
sion in 38-89% of cases [11—13, 23]. Tsuzuki 
et al. also performed ALK-1 immunostains on a 
series of eight sarcomatoid urothelial carcinomas 
and five genitourinary leiomyosarcomas (LMS) 
which were all negative, leading the authors to 
suggest the utility of ALK-1 in the distinction of 
myofibroblastic lesions from its mimics [24]. ALK-1 
expression, however, is not entirely specific for 
IMT and is reported in other mesenchymal neo- 
plasms (e.g., up to 20% of rhabdomyosarcoma 
(RMS)) [28]. 

Carcinomas associated with myofibroblastic 
proliferations may have histological overlap with 
sarcomatoid carcinoma. The cells of reactive 
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myofibroblastic proliferations maintain relatively 
fine nuclear chromatin, while sarcomatoid 
carcinomas contain malignant spindle cells with 
coarse, clumpy chromatin in many areas. Invasive 
urothelial carcinomas with associated 
myofibroblastic proliferations may also pose stag- 
ing problems if the spindle cells are mistaken for 
involvement of muscularis propria (Fig. 12.4). In 
general, the associated stroma has a more myxoid 
appearance compared to the muscularis propria 
(Fig. 12.5). Immunostains with the anti-smoothe- 
lin antibody typically show diffuse immunoreac- 
tivity in the smooth muscle cells of the muscularis 
propria, but not in myofibroblasts [29]. In addi- 
tion, smooth muscle cells generally show strong 
and diffuse immunoreactivity with desmin, which 
is not entirely specific; however, this pattern is 
much less common in myofibroblasts. 


Treatment of Myofibroblastic 
Proliferations 


Endoscopic treatment with transurethral resec- 
tion of bladder tumor (TURBT) is typically the 
first therapeutic intervention for myofibroblastic 
proliferations. The tumor mass is usually soft and 
amenable to transurethral resection because of 
smaller size at presentation (<5 cm). In one study, 
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Fig. 12.5 Myofibroblastic 
proliferations (such as the 
one associated with 
invasive carcinoma in this 
example) maintain 
relatively fine nuclear 
chromatin; the stroma has 
a more myxoid appearance 
compared to the muscularis 
propria 


no tumors recurred after transurethral resection 
or partial cystectomy [9]. One patient presented 5 
months after TURBT with a histologically identi- 
cal lesion that was considered to be incompletely 
resected tumor. Although there is no absolute 
size threshold that would prevent TURBT of 
myofibroblastic proliferations, partial cystectomy 
may be indicated for larger lesions that are not 
amenable to endoscopic management or for 
tumors located in proximity to the dome of the 
bladder. 


Smooth Muscle Neoplasms 


Smooth muscle neoplasms of the urinary bladder 
are rare, but are divided into two main categories: 
leiomyoma and leiomyosarcoma. 


Pathology of Smooth Muscle Tumors 


Leiomyomas represent the most common mesen- 
chymal neoplasms of the urinary bladder [30-34]. 
They occur over a large age range, but there is a 
female predilection. Presenting symptoms 
include obstruction, irritative voiding symptoms, 
and hematuria. Most leiomyomas are small well 
circumscribed mass lesions, typically 2 cm or 
less; however, tumors up to 25 cm are reported. 
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They have the same morphologic features as in 
other anatomic locations and are characterized by 
intersecting fascicles of spindle cells with abun- 
dant eosinophilic cytoplasm (Fig. 12.6). The 
cytoplasm is generally tapered and the nuclei are 
oval or elongated with blunted ends. 

In the vast majority of leiomyomas, no 
significant nuclear atypia (i.e., no hyperchro- 
masia or pleomorphism) is present. In addition, 
the lesions are well-circumscribed with no irreg- 
ular infiltration into the surrounding muscularis 
propria. Coagulative tumor cell necrosis is not 
found in leiomyomas when strict rules are fol- 
lowed. Myxoid and/or epithelioid change is rela- 
tively uncommon in leiomyomas of the urinary 
bladder [34, 35]. A few cases of leiomyoma with 
degenerative type nuclear atypia (i.e. symplastic 
or atypical leiomyoma) were recently described; 
however, clinical follow-up data are limited at 
present [34]. A diagnosis of symplastic leiomy- 
oma should be made with great caution and the 
presence of mitotic activity should prompt care- 
ful consideration of leiomyosarcoma. 

Although LMSs are rare, they represent the 
most common primary vesical sarcoma [9, 33, 
36-38]. They also occur over a broad age range; 
in contrast to leiomyoma, there is a male 
predominance. 

LMS are rare in children, but are reported 
[39]. The mean size is 7 cm, and patients typically 
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Fig. 12.6 Leiomyomas of 
the urinary bladder are 
cytologically bland, similar 
to their more common 
counterparts in the uterus 


Fig. 12.7 Leiomyosarcomas 
may have a fascicular growth 
pattern and they often retain 
their eosinophilic appear- 
ance. The degree of cytologic 
atypia is greater than that 
seen in leiomyoma 


present with hematuria and voiding symptoms. A 
subset of vesical LMS may be associated with 
prior chemotherapy, most commonly cyclophos- 
phamide [39-44]. 

The typical histologic appearance is a cellular 
proliferation of spindle cells with prominent 
eosinophilic cytoplasm arranged into well- 
formed, intersecting fascicles (Fig. 12.7). Stromal 
myxoid change is frequently present, but epithe- 
lioid variants are exceedingly rare in the bladder. 
The following findings are typical for a diagnosis 
of malignancy in a true smooth muscle neoplasm 
of the bladder: significant nuclear pleomorphism 
with hyperchromasia (Fig. 12.8) and irregular 
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nuclear membranes (which are usually readily 
identifiable at low power), coagulative tumor cell 
necrosis, increased mitotic activity, and infiltration 
of the muscularis propria. 

Studies have used slightly different criteria for 
separating LMS into low- and high-grade groups, 
but it is suggested that tumors with significant 
nuclear atypia, mitotic activity (>5 mitotic 
figures/10 HPF), and coagulative necrosis have a 
high risk for recurrence, metastasis, and death 
due to disease, while tumors with less severe 
degrees of nuclear atypia, <5 mitotic figures/10 
HPF, and no necrosis have a much smaller risk of 
aggressive behavior [9, 34, 36, 37]. These studies 
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Fig. 12.8 Leiomyosarcomas 
should have enlarged atypical 
cells and easily identified 
mitotic activity 


suggest that many, but not all patients with low- 
grade tumors have had long-term disease-free 
survival; however, a recent study suggests that 
most vesical LMS are aggressive high-grade sar- 
comas [38]. 

Most leiomyomas show diffuse immunoreac- 
tivity for actin, desmin, and h-caldesmon [27], 
but are nonreactive for cytokeratin [26]. Published 
series of LMSs have reported more variable stain- 
ing with actin (43-100%) and desmin (0-60%). 
Some LMSs may also express cytokeratin 
(approximately 30% in one series, but 10% over- 
all) or rarely EMA (approximately 5% overall). 
Cytoplasmic staining with epithelial markers is 
typically focal, and is generally restricted to low 
molecular weight keratin. Immunostains for 
ALK-1 have been negative in LMS [25, 26]. 


Treatment of Smooth Muscle 
Neoplasms 


Leiomyomas that are smaller in size (< 5 cm) 
may be treated with transurethral resection alone. 
If the lesion is larger, but localized to certain 
areas within the bladder (i.e., dome), these tumors 
may be managed by partial cystectomy. Local 
excision or enucleation of bladder leiomyomas 
either by open or laparoscopic approaches has 
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also been described. Leiomyosarcoma of the 
bladder is considered to be highly aggressive and 
would therefore be more appropriately treated 
with partial cystectomy (in select cases) or more 
commonly with radical cystectomy in combina- 
tion with adjuvant therapy. Careful attention 
should be given to proper surgical technique 
when treating these tumors. Wide excision should 
be performed in order to achieve negative margin 
status and minimize the possibility of local recur- 
rence. Leiomyosarcoma of the urinary bladder is 
a rare disease entity with a limited number of 
cases reported in the literature. In one study 
involving 34 cases, a total of 52% of patients 
developed metastatic disease following surgical 
treatment with the lungs being the most common 
site of recurrence [38]. Adverse outcomes were 
documented in 64% of cases. 

Partial cystectomy has been reported for treat- 
ment of small tumors. In one case series, 4 out of 
10 patients with bladder leiomyosarcoma treated 
with partial cystectomy remained free of disease 
at 5, 6, 6, and 9 years, respectively [36]. Radical 
cystectomy with urinary diversion (ileal conduit, 
catheterizable stoma, orthotopic neobladder) 
should be considered for patients with larger 
tumors or tumors located in areas of the bladder 
that would not permit partial cystectomy. The 
decision regarding which urinary diversion to 
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perform should take into consideration patient 
performance status, renal function, and likeli- 
hood of receiving adjuvant or salvage therapy. 
A combined modality treatment approach with 
perioperative external beam radiotherapy, sur- 
gery, and intraoperative radiation therapy for 
locally advanced or recurrent uterine sarcomas 
has demonstrated good local disease control with 
acceptable toxicity [45]. While these results are 
promising for treatment of uterine sarcomas, the 
utility of adjuvant radiation therapy for treatment 
of bladder leiomyosarcoma is much less defined. 


Skeletal Muscle Neoplasms 


Children and adolescents may occasionally 
undergo biopsies for bladder masses. The most 
common urinary bladder tumor in this age group 
is the botryoid type of embryonal RMS. Rarely, 
vesical RMS may occur in adults. 


Pathology of Rhabdomyosarcoma 


RMS is subclassified primarily into embryonal 
and alveolar subtypes. Embryonal RMS may be 
further classified as botryoid, spindle cell, ana- 
plastic, or not otherwise specified (NOS). 


Embryonal Rhabdomyosarcoma, 

Botryoid Type 

Botryoid RMS is by far the most frequently 
encountered neoplasm in pediatric bladder biop- 
sies and responds well to current treatment proto- 
cols [46-50]. Grossly, these tumors present as 
polypoid, predominantly intraluminal bladder 
masses, and the clinical diagnosis is usually 
straightforward. Morphologically, the definitive 
feature is the “cambium layer,” a proliferation of 
spindle cells condensed underneath and abutting 
the surface urothelial or squamous lining, typi- 
cally forming an exophytic, polypoid growth pat- 
tern (Fig. 12.9). The spindle cells show varying 
degrees of differentiation ranging from 
undifferentiated mesenchymal cells to fully devel- 
oped rhabdomyoblasts with prominent eosino- 
philic cytoplasm and cytoplasmic cross-striations. 


J.K. McKenney and M.L. Gonzalgo 


The botryoid type typically has areas with an 
abundant, loose myxoid stroma and relatively 
bland spindle cells (Fig. 12.10). If these bland 
foci are the only areas represented in the biopsy, 
one must have a high index of suspicion based on 
the clinical setting and seek immunohistochemi- 
cal confirmation of skeletal muscle differentia- 
tion. RMSs may rarely contain foci of cartilage 
(Fig. 12.11), and this should not be used as evi- 
dence of a sarcomatoid carcinoma, or prevent 
patient enrollment into a RMS protocol. 


Alveolar Rhabdomyosarcoma 

Although rare, alveolar RMS may occur in the 
urinary bladder [51, 52]. This is an important dis- 
tinction, because the prognosis for pediatric 
patients with alveolar RMS is much worse than 
embryonal, and a more aggressive chemothera- 
peutic regimen is required. 

Morphologically, alveolar RMS may show a 
mixed classic alveolar or solid growth. All histo- 
logic patterns of alveolar RMS share the same 
cytology: the neoplastic cells resemble lym- 
phoma with high nuclear-to-cytoplasmic ratios, 
round nuclear contours, and condensed nuclear 
chromatin. Focal areas may suggest myogenic 
differentiation and multinucleated rhabdomyo- 
blasts may be present. However, alveolar RMSs 
frequently appear completely undifferentiated 
and mimic other malignant small round cell 
neoplasms. 

In the classic pattern, the low power architec- 
ture is characteristic with fibrovascular septa 
dividing the neoplasm into separate nests. The 
neoplastic cells located centrally in the nests are 
typically discohesive, but residual cells line the 
septa in a hobnail or “picket fence” pattern. The 
discohesive cells may show considerable crush- 
like artifact and appear homogeneously “hyper- 
chromatic.” The solid type of alveolar RMS 
loses the low power nested architecture, and 
grows in confluent sheets (Fig. 12.12); however, 
the cytology of the neoplastic cells is identical to 
that described above. In morphologically ambig- 
uous cases, diffuse myogenin immunoreactivity 
or PAX translocations are often used as surro- 
gate markers of the alveolar subtype [53-58]. 
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Fig. 12.9 The botryoid 
type of embryonal 
rhabdomyosarcoma is 
often characterized by a 
condensation of neoplastic 
spindle cells beneath the 
epithelium (i.e., the 
cambium layer) 


Fig. 12.10 Embryonal — 
rhabdomyosarcoma may = x 
be deceptively benign ae 
appearing in some foci. a3 > 
In children, there should be PNN 

a high index of suspicion TS 
for rhabdomyosarcoma = 

with an appropriate 

immunohistochemical 

workup 


Fig. 12.11 Rhabdomyosarcoma 
may contain foci of cartilage, and 
this should not alter the diagnosis 
or therapy 
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Fig. 12.12 Alveolar 
rhabdomyosarcoma 
generally has a round cell 
appearance that may mimic 
lymphoma or other round 
cell malignancy (e.g., 
small cell carcinoma) 


In adult patients, the alveolar type or unusual 
unclassified patterns of RMS, commonly with ana- 
plasia, are most common [59]. Primary RMS 
should be carefully distinguished from a carcino- 
sarcoma with heterologous differentiation in adults. 
Additional tissue sampling to identify a carcinoma- 
tous component is often warranted. In adults, RMS 
may closely mimic small cell carcinoma because 
of the histologic appearance and the frequent 
immunoreactivity of RMS with synaptophysin 
[60]; however, RMS is generally keratin negative. 


Immunohistochemistry 

of Rhabdomyosarcoma 

Because of the consistent immunophenotype and 
the therapeutic implications, the diagnosis of 
RMS should generally be confirmed by immuno- 
histochemistry. RMS usually shows strong cyto- 
plasmic immunoreactivity for desmin and nuclear 
reactivity for either/both MyoD1 and myogenin. 
MyoD1 and myogenin are very specific markers 
of skeletal muscle differentiation and can help to 
avoid confusion with other neoplasms expressing 
desmin such as leiomyosarcoma or desmoplastic 
small round cell tumor. 


Treatment of Rhabdomyosarcoma 


RMS is the most common soft tissue sarcoma in 
children with approximately 350 cases reported 
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annually in the USA. Approximately 20% of all 
RMSs involve the genitourinary system [61]. 
Pediatric patients are typically stratified accord- 
ing to risk of disease (prognostic groups: excel- 
lent, very good, good, poor), which consider 
tumor location, histologic, and surgical parame- 
ters. Low-risk patients have the best prognosis, 
while intermediate-risk or high-risk patients have 
an increased risk of relapse and incurable disease. 
Because relapses often occur at the site of the pri- 
mary tumor, adequate local control is essential. 
Chemotherapy alone can be effective for achiev- 
ing local control in some patients who have a 
complete response of the primary tumor. However, 
surgery and/or radiation therapy may be required 
for local control of residual disease. 

Pediatric RMS may be treated with chemo- 
therapy and/or radiation therapy before or after 
surgery. Surgical management of RMS varies 
depending on the location of the tumor; however, 
bladder-sparing approaches are frequently uti- 
lized in children. Partial cystectomy (wide exci- 
sion) can be performed for tumors that are located 
at the dome of the bladder. For tumors located in 
other areas of the bladder, chemotherapy and 
radiation therapy are given first to shrink the 
tumor. Biopsies can be performed after initial 
therapy to determine if there is persistent disease 
that may require additional procedures. If cancer 
cells are present, surgery may be indicated to 
remove all or part of the bladder. Surgical 
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guidelines for management of pediatric RMS can 
be found in the protocols of the Children’s 
Oncology Group Soft Tissue Sarcoma Committee 
(formerly, Intergroup Rhabdomyosarcoma Study 
Group (IRSG)). Bladder preservation has been a 
primary goal of treatment for the pediatric popu- 
lation. Treatment of pediatric RMS involves a 
multidisciplinary approach using both chemo- 
therapy and radiation before surgical resection. 
Approximately 60% of patients retained a func- 
tional bladder at 4 years from diagnosis and 
overall survival has been reported to be >85% 
[62, 63] (Hays et al. 1995). 

Intergroup rhabdomyosarcoma study V (IRS- 
V) conducted several studies from 1997 to 2007. 
Most patients with bladder/prostate RMS (inter- 
mediate risk) were enrolled in a phase III ran- 
domized study of vincristine, dactinomycin, and 
cyclophosphamide (VAC) vs. VAC alternating 
with vincristine, topotecan, and cyclophosph- 
amide. This regimen did not demonstrate 
improved outcomes compared with IRS-IV [64]. 
In IRS-IV (1991-1997), the role of hypofrac- 
tionated radiation therapy and the use of ifosf- 
amide and etoposide were examined. 
Approximately 82% of patients with nonmeta- 
static bladder/prostate RMS on IRS-IV survived 
at least 6 years. Local therapy included radiation 
and second-look operations following radiation 
therapy [64]. 

Adult bladder RMS is extremely rare with 
limited information regarding contemporary 
management. Most case reports in the literature 
have cited radical cystectomy followed by adju- 
vant chemotherapy as treatment for this condition 
in the adult population, but prognosis is generally 
poor. Given the paucity of data for bladder sarco- 
mas, it is worthwhile to discuss combined-modal- 
ity treatment approaches for retroperitoneal 
sarcomas. Surgical resection of localized tumor 
with gross and microscopically negative margins 
remains the standard of care [65]. Complete 
resection rates for retroperitoneal sarcomas range 
from 43 to 86%. Overall survival rates range from 
36 to 63% at 5 years and 14-50% at 10 years 
[65]. The primary pattern of treatment failure 
after resection of a retroperitoneal sarcoma is 
local recurrence. 
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High relapse rates following surgery alone 
have led to the use of combined modality therapy 
for treatment of retroperitoneal sarcomas. Results 
from phase II clinical trials suggest that patients 
with extremity and trunk sarcomas have improved 
local control when treated with surgery plus radi- 
ation compared to surgery alone [66]. There are 
also data to support the use of surgery plus sys- 
temic chemotherapy for treatment of retroperito- 
neal sarcomas [67, 68]. The utility of radiation 
therapy (preoperative, intraoperative, postopera- 
tive) has also been explored for the treatment of 
retroperitoneal sarcomas. One of the only pro- 
spective, controlled trials treating patients with 
retroperitoneal sarcomas randomized 35 patients 
with resectable disease to receive postoperative 
external beam radiation therapy with or without 
intraoperative therapy [69]. At a median fol- 
low-up of 8 years, there was a significantly lower 
in-field local recurrence rate for patients treated 
with intraoperative and postoperative radiation 
(20%) compared to the external beam radiation 
therapy control group (80%). Other combined 
modality approaches for the treatment of patients 
with intermediate- or high-grade retroperitoneal 
sarcomas have utilized preoperative doxorubicin 
and ifosfamide followed by preoperative EBRT 
and surgical resection with intra- or postoperative 
radiation boost. 


Sarcomatoid Urothelial Carcinoma 


As in any anatomic site, carcinomas of the uri- 
nary bladder can “dedifferentiate” into a spindle 
cell neoplasm that histologically resembles a sar- 
coma. These carcinomas with a sarcomatous 
appearance have been reported under a variety of 
names including sarcomatoid carcinoma, meta- 
plastic carcinoma, carcinosarcoma, malignant 
mixed mesodermal tumor, and spindle and giant 
cell carcinoma [70-77]. 


Pathology of Sarcomatoid Carcinoma 


Sarcomatoid urothelial carcinoma may be bipha- 
sic with both a spindle cell and more conventional 
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Fig. 12.13 This example 
of sarcomatoid carcinoma 
of the bladder shows an 
invasive micropapillary 
component adjacent to an 
undifferentiated sarcoma- 
toid component. The 
diagnosis is rather 
straightforward when a 
carcinomatous component 
is present 


Fig. 12.14 In this 
example of sarcomatoid 
carcinoma, only the 
undifferentiated sarcoma- 
toid component is present, 
which is indistinguishable 
from a primary sarcoma. In 
such cases, immunohis- 
tochemistry is needed to 
make the distinction 


epithelial component or may have a completely 
sarcomatoid morphology [73, 75-80]. The epi- 
thelial component may be a papillary urothelial 
carcinoma, invasive urothelial carcinoma, urothe- 
lial carcinoma in situ, squamous cell carcinoma, 
adenocarcinoma, or small cell carcinoma 
(Fig. 12.13). Extensive tissue sampling may be 
required to identify minor foci of obvious epithe- 
lial differentiation. The spindle cell or “sarcoma- 
toid” component typically shows marked nuclear 
pleomorphism and hyperchromasia, and usually 
has the appearance of an undifferentiated malig- 
nant spindle cell tumor (Fig. 12.14) or may 
acquire a specific line of heterologous differenti- 
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ation (carcinosarcoma) that is histologically 
identical to subtypes of known sarcomas 
(Fig. 12.15). The prognostic significance of het- 
erologous differentiation (e.g., chondrosarcoma, 
osteosarcoma, RMS) has been debated, but these 
tumors are usually high grade and high stage. 
One series has described sarcomatoid urothelial 
carcinomas with “myxoid and sclerosing” fea- 
tures that may closely mimic an IMT [81]. 

The immunoprofile of sarcomatoid urothelial 
carcinoma is variable. Although cytokeratin and 
EMA immunoreactivity is reported in 67—100% 
of cases, the spindle cell component may have 
only focal reactivity or may be completely 
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Fig. 12.15 A subset of 
sarcomatoid carcinomas 
show heterologous 
differentiation, which has 
been referred to as 
carcinosarcoma. This 
example shows a focus of 
osteosarcomatous 
differentiation in the 
lower right 


negative. The spindle cell component may also 
variably express actin (15-80%) and/or desmin 
(0O-40%), which may be diffuse in cases with 
myogenous differentiation. Cases showing a 
specific line of heterologous differentiation typi- 
cally have the expected immunoprofile for that 
tissue type. Sarcomatoid carcinoma is generally 
managed in a fashion similar to aggressive 
urothelial carcinomas. 


Other Mesenchymal Neoplasms 


Rarely, mesenchymal neoplasms that are more 
common to other anatomic sites are seen in the 
bladder as primary tumors. A discussion of these 
extremely rare neoplasms is beyond the scope of 
this chapter, but the list of case reports and small 
series includes: solitary fibrous tumor/hemangio- 
pericytoma [82, 83], neurofibroma, malignant 
fibrous histiocytoma/pleomorphic undifferenti- 
ated sarcoma [84], angiosarcoma [85, 86], lipos- 
arcoma [87, 88] granular cell tumor, clear cell 
sarcoma, Ewing’s sarcoma/PNET, schwannoma, 
and angiomyolipoma/PEComa [89]. 

Because of the rarity of primary vesical sarco- 
mas, one should exercise extreme caution in ren- 
dering a primary sarcoma diagnosis in the urinary 
bladder. The possibility of secondary involvement 
should be excluded clinically before the diagnosis 
of an unusual primary sarcoma is accepted. The 


exact method/site of biopsy is essential to the 
pathologic evaluation; therefore, the specimen 
label should clearly state whether a “bladder” 
biopsy is taken by transurethral route or from the 
peritoneum. For peritoneal biopsies, nonvesical 
sarcomas would be even more strongly consid- 
ered. In addition, the possibility of heterologous 
differentiation within a sarcomatoid carcinoma 
should be considered and ruled out by extensive 
tissue sampling, clinical history, and immunohis- 
tochemistry. Tumors with specific lines of mesen- 
chymal differentiation in patients with a past 
history of urothelial carcinoma (especially high- 
grade carcinomas) most likely represent heterolo- 
gous sarcomatoid carcinoma even when an 
associated carcinomatous component cannot be 
demonstrated. One extremely rare caveat to this 
rule is encountered in patients with a history of 
radiation therapy and a possible radiation-induced 
sarcoma, but there is typically a long symptom- 
free latent period that may approach 10 years. 
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Hadley Wood, Kenneth Angermeier, 
and Adeboye O. Osunkoya 


Introduction 


The urethra, which carries urine from the urinary 
bladder to the external urethral orifice for excre- 
tion and provides the conduit for semen in males, 
may be involved by a broad spectrum of both neo- 
plastic and nonneoplastic diseases, which may 
produce very similar clinical symptoms. This 
chapter reviews the clinical and pathologic fea- 
tures of urethral diseases organized by clinical set- 
ting: urethral stricture, male urethral cancer, female 
urethral cancer, and female urethral diverticulum. 


Urethral Stricture 
Urethral strictures may be classified based upon 


their location. Anterior strictures involve the 
penile and bulbar urethra, whereas posterior stric- 
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tures or stenoses occur in the membranous and 
prostatic urethra. The etiology of anterior urethral 
strictures has changed over time. Gonococcal 
urethritis was a common cause in the past, but 
prompt and effective antibiotic treatment and a 
growing acceptance of safe sexual practices has 
decreased the incidence of strictures related to 
this condition. Currently the most common etiol- 
ogy is traumatic injury, either external or iatro- 
genic. Anterior strictures have a bimodal 
presentation. Isolated bulbar strictures commonly 
present in younger men, presumably due to 
remote straddle injuries, although many cannot 
recall a specific event in childhood. Older patients 
tend to present with strictures related to iatrogeny 
or inflammation, predominantly lichen sclerosis 
(LS). Meatal and distal anterior strictures in par- 
ticular are more likely to be seen in this latter 
population. Hypospadias and complications 
related to prior hypospadias repair may present at 
any point in life and typically involve the distal 
anterior urethra [1]. 

The most common etiology of posterior ure- 
thral stricture or stenosis continues to be pelvic 
fracture-related urethral injury. However, 
increased utilization of radiation and other abla- 
tive technologies for prostate cancer and benign 
prostatic hyperplasia (BPH) has led to an increase 
in iatrogenic posterior urethral stricture. Posterior 
urethral strictures associated with radiation pres- 
ent a particular challenge to the reconstructive 
urologist because they often involve both the pro- 
static and membranous urethra and may be asso- 
ciated with significant local tissue injury, fistula, 
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Fig. 13.1 Polypoid urethritis 
with edematous lamina 
propria 


and are more likely to result in compromise of 
the urinary sphincter mechanism during surgical 
reconstruction. 


Clinical Presentation 


Urethral strictures typically present with progres- 
sive lower urinary tract symptoms, or less often 
urinary retention. Recurrent urinary tract infec- 
tions, prostatitis, urethralgia, terminal hematuria, 
ejaculatory complaints, infertility, and urethral 
abscess or fistula represent other less common 
presentations. Patients may report a high degree 
of variability of urinary symptoms prior to devel- 
oping urinary retention, with many reporting little 
or no urinary problems. In older men, long- 
standing lower urinary tract symptoms are often 
attributed to BPH, and urethral strictures are not 
uncommonly identified incidentally at the time of 
diagnostic cystoscopy or during attempted 
catheterization for another medical or surgical 
procedure. A history of prior urethral instrumen- 
tation, perineal trauma, sexually transmitted 
diseases, recurrent balanitis, or problems follow- 
ing circumcision should be elicited. Baseline 
sexual function, including the presence or absence 
of erectile curvature, should be assessed and doc- 
umented. Physical examination should include 
assessment of body habitus to identify patients at 
risk for problems related to positioning at the 
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time of surgery. The urethral meatus and glans 
penis are examined for the presence of 
inflammatory lesions such as LS or vitiligo, and 
for available normal hairless skin that may be 
used at the time of urethral reconstruction. The 
urethra is palpated to identify induration, abscess, 
or fistula that may be associated with advanced 
strictures or long-standing obstruction. 


Pathogenesis 


A urethral stricture is a scar resulting from an 
injury. Wound contraction is one of the basic 
mechanisms by which the body heals. Because 
the urethra is a circular structure, scar contraction 
occurs circumferentially and results in narrowing 
of the urethral lumen. In anterior strictures, the 
density of a stricture and its ultimate manage- 
ment depend not only upon the scarring of the 
urethral mucosa, but also the depth of the fibrosis 
involving the associated corpus spongiosum 
(spongiofibrosis). The posterior urethra is not 
surrounded by the corpus spongiosum. Strictures 
in the posterior urethra result from urethral dis- 
traction, tissue destruction, and ischemia result- 
ing from pelvic fracture, radiotherapy, previous 
surgery, or a combination thereof. 
Catheterization and other forms of instrumen- 
tation/procedures may also lead to polypoid ure- 
thritis (Fig. 13.1) and subsequent stricture 
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a b 
c d 


Fig. 13.2 Retrograde urethrogram findings. (a) Normal 
retrograde urethrogram. (b) Bulbar urethral injury from 
prior straddle injury. (c) RUG demonstrating penile ure- 


formation. Strictures due to trauma are usually 
focal, while those due to infection may be multi- 
focal. There are no specific histologic features; 
however, most strictures tend be associated with 
a host inflammatory response, fibrosis, and reac- 
tive epithelial changes. 


Clinical Findings 


The most common method used to diagnose a 
urethral stricture is flexible cystoscopy, usually 
performed for the evaluation of urinary symp- 
toms. However, the optimal study to evaluate the 
extent and location of a stricture prior to surgical 
managementis the retrograde urethrogram (RUG) 
(Fig. 13.2). If further evaluation is necessary, 
patients with or without an indwelling suprapu- 
bic catheter also undergo a voiding cystourethro- 
gram (VCUG), which nicely complements the 
RUG to better evaluate the segment of the urethra 
proximal to the stricture. In the setting of poste- 
rior urethral stricture or stenosis, antegrade cys- 
toscopy is also helpful to characterize the status 
of the proximal urethra and bladder neck. 


thral stricture and proximal diverticulum from prior 
hypospadias reconstruction. (d) RUG demonstrating 
panurethral stricture secondary to lichen sclerosis 


Concurrent antegrade flexible cystoscopy and 
RUG allow identification of the length of the ure- 
thral defect following pelvic fracture-related ure- 
thral distraction when other means are not able to 
do so (Fig. 13.3). Visualization of the bladder 
neck is also important in this setting, since scar 
and fixation of the anterior bladder neck may 
increase the risk of urinary incontinence follow- 
ing urethral reconstruction. Additionally, this 
technique is valuable in patients with posterior 
urethral obstructions following radiotherapy. 

It is our practice to avoid urethral instrumenta- 
tion for approximately 3 months prior to urethral 
reconstruction in order to allow full maturation of 
the scar for clear intraoperative determination of 
the extent of the urethral abnormality. This is 
important also because squamous metaplasia of 
the mucosa is not uncommon in the urethra prox- 
imal to a stricture (Fig. 13.4a, b), and it is other- 
wise difficult to know whether this area is destined 
to narrow down after relief of high pressure 
hydrodistention and correspondingly whether it 
should be included in the repair at the time of sur- 
gery. If necessary, preoperative cystoscopy can 
be performed using a pediatric cystoscope or a 
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Fig. 13.3 Antegrade cystoscopy with concurrent RUG. Cystoscope tip demonstrates proximal extent of structure with 
the contrast from retrograde urethrography demonstrating the distal extent of the stricture 


Fig. 13.4 (a, b) Urethral squamous metaplasia. 


small-caliber flexible scope prior to procedure as 
long as the strictured segment is not dilated. 


Management 


Management of a urethral stricture is dictated by 
the etiology, location, length, depth of associated 
spongiofibrosis, and medical comorbidities. 
Urethral dilation is considered a management tool 
or temporizing measure, and is rarely curative. 
Direct vision internal urethrotomy (DVIU) is prob- 
ably the most commonly used surgical procedure 
for urethral stricture and may be done using a cold 
knife or laser. DVIU is often used as a first-line 
treatment following diagnosis of an anterior ure- 
thral stricture. Success rates with this procedure 


have been reported at 50-70% for a relatively short 
bulbar stricture [2], but a more recent report sug- 
gests that this may be an overestimate [3]. Anterior 
strictures that are multiple, of long length, of nar- 
row caliber with dense spongiofibrosis, or located 
within the penile urethra have decreased success 
following DVIU [2]. In most cases, if an initial 
attempt at DVIU is unsuccessful it is not helpful in 
the long term to repeat the procedure. Patients in 
this category who are medically fit for surgery 
have a much higher long-term cure rate with ure- 
thral reconstruction and should generally be guided 
in this direction if feasible. Posterior urethral stric- 
tures and stenoses infrequently demonstrate dura- 
ble patency following conservative procedures, 
and open surgical reconstruction is warranted in 
the majority of cases. 
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Short bulbar urethral strictures that have failed 
or are not a candidate for DVIU may be managed 
with anastomotic urethroplasty. In this procedure, 
the strictured segment is excised, the urethra 
mobilized, and a primary anastomosis performed. 
Although typical candidates for this procedure 
have strictures 2-3 cm in length, it is technically 
easier to bridge longer strictures when they are 
located within the bulbar urethra proximally as 
opposed to distally. Anterior strictures within the 
penile or penobulbar urethra, or those too long 
for an anastomotic repair, are treated with substi- 
tution urethroplasty. The strictured segment is 
opened along the ventral or dorsal aspect, and 
then expanded using an onlay graft or flap. The 
most common tissue graft currently in use for this 
purpose is buccal mucosa; however, lingual 
mucosa, full thickness skin grafts (preferably 
genital), and colonic mucosa have also been used 
[4-6]. Substitution urethroplasty may also be 
performed using a penile or penoscrotal skin 
island based on a dartos fascia pedicle for the 
onlay. Penile strictures, particularly those related 
to LS or previous surgery for hypospadias, are 
often more reliably managed with staged buccal 
graft urethroplasty. The urethra is opened ven- 
trally and buccal mucosa is sutured into place 
adjacent to the urethral plate and allowed to heal 
for 4—6 months. At the second operation, the 
well-healed buccal mucosa is tubularized to com- 
plete the reconstruction. 

Patients with a posterior urethral distraction 
defect related to pelvic fracture typically undergo 
urethral reconstruction with a high rate of suc- 
cess. This is almost always performed with exci- 
sion of the associated scar defect and a primary 
urethral anastomosis using a progressive perineal 
approach [7]. Preservation of the external sphinc- 
ter is variable, and postoperative continence may 
be dependent on the bladder neck either totally or 
in part. Obliterative membranous strictures fol- 
lowing brachytherapy for prostate cancer require 
the same type of surgical procedure, although 
there may be a somewhat higher risk of subse- 
quent incontinence. Stenosis or obliteration of 
the prostatomembranous urethra may be associ- 
ated with tissue necrosis, calcification, or fistula. 
Although highly complex, a percentage of these 
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patients can be repaired using advanced recon- 
structive techniques. However, in some cases uri- 
nary diversion is the only reasonable option in the 
form of an indwelling suprapubic catheter, conti- 
nent catheterizable channel with bladder aug- 
mentation, or ileal conduit. 


Urethral Cancer: Male 


Carcinoma of the male urethra is rare. When dis- 
cussing urethral cancer, the bulbous, membranous, 
and prostatic segments are generally classified 
together as the posterior urethra, and the penile 
urethra is referred to as the anterior urethra. The 
bulbomembranous urethra is involved most fre- 
quently (60%), followed by the penile urethra 
(30%) and the prostatic urethra (10%). The histo- 
logical subtype of urethral cancer varies and 
depends on location. Carcinomas of the prostatic 
urethra are urothelial in 90% and squamous cell in 
10%. Within the bulbomembranous urethra, 
squamous cell carcinoma is most common and 
responsible for 90% of cases, followed by urothe- 
lial carcinoma in 10% and adenocarcinoma or 
undifferentiated in 10%. Similarly, penile urethral 
cancer is of squamous cell origin in 90% and 
urothelial in 10%. Overall, 80% of male urethral 
cancers are squamous cell carcinoma, 15% are 
urothelial carcinoma, and 5% are adenocarcinoma, 
melanoma, lymphoma, paraganglioma, sarcoma, 
or undifferentiated tumor [8]. Patient survival rates 
depend upon tumor location and grade. Overall 
survival rates for low-stage and high-stage tumors, 
respectively, are 83% and 36%. Anterior urethral 
cancer is associated with a survival rate of 69% 
and posterior urethral cancer 26% [9]. 


Clinical Presentation 


The most common presenting symptoms are ure- 
thral bleeding, urethral discharge, urethral pain 
or dysuria, obstructive voiding symptoms, or a 
palpable urethral mass. Diagnosis may be delayed 
because the onset of symptoms is often insidious, 
and therefore a high index of clinical suspicion is 
required to diagnose these tumors expediently. 
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Fig. 13.5 Retrograde urethrogram and cystoscopic findings demonstrating a bulbar urethral cancer 


Pathogenesis 


Chronic inflammation due to sexually transmit- 
ted diseases, urethritis, and/or urethral stricture is 
the most common etiologic factor. There may 
also be a causal role for human papillomavirus 
(HPV) 16 in squamous cell carcinoma of the ure- 
thra [10, 11]. 


Clinical Findings 


RUG may identify a filling defect in the urethra, 
or demonstrate a stricture with irregular borders. 
Cystoscopy with urethral biopsy confirms patho- 
logical diagnosis (Fig. 13.5). Patients who have 
undergone prior cystoprostatectomy and cutane- 
ous diversion are known to be at risk for later 
development of urethral carcinoma with an inci- 
dence of 2.1-11.1% [12-14]. Urethral wash 
cytology can identify urethral cancer before it 
becomes clinically apparent. In the setting of an 
orthotopic neobladder, the risk of urethral recur- 
rence is less than after some form of cutaneous 
diversion, with rates ranging from 0.5 to 4% [12- 
15]. Voided urine cytology is used to monitor 
these patients. Clinical evaluation of patients with 
known urethral carcinoma should include thor- 
ough examination of the entire urethra for the 
presence of firmness, induration, or fixation, rec- 
tal examination, and careful palpation of the 
groins to assess for lymphadenopathy. Lymphatics 
from the anterior urethra drain into the superficial 
and deep inguinal lymph nodes and occasionally 


into the external iliac lymph nodes. Tumors of 
the posterior urethra most commonly spread to 
the pelvic lymph nodes. Palpable inguinal lymph 
nodes occur in about 20% of cases and almost 
always represent metastatic disease, in contrast to 
penile cancer, in which a significant percentage 
of palpable nodes may be inflammatory. 


Pathology 


Carcinomas of the male urethra may present as 
carcinoma in situ (squamous or urothelial), non- 
invasive papillary urothelial carcinoma (low 
grade or high grade), invasive urothelial carcino- 
mas, or invasive squamous cell carcinoma. 


Carcinoma In Situ 

Urothelial carcinoma in situ of the urethra may 
be primary (Fig. 13.6) or due to spread from an 
adjacent urinary bladder primary [16-19]. 
Urothelial carcinoma in situ has the identical 
morphologic spectrum as that seen in the bladder. 
Squamous cell carcinoma in situ shows full thick- 
ness basaloid atypia similar to that seen in the 
uterine cervix, often with some degree of kerati- 
nization in adjacent epithelium. One may also see 
varying levels of associated squamous dyspla- 
sia, or condylomatous changes in cases asso- 
ciated with HPV infection. Urothelial carcinoma 
in situ often extends into periurethral ducts and 
glands along the entire length of the urethra as 
well as into prostatic ducts (Fig. 13.7). It is criti- 
cal to distinguish colonization of prostatic glands/ 
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Fig. 13.6 Urothelial 
carcinoma in situ involving 
the prostatic urethra 


Fig. 13.7 Urothelial 
carcinoma of the prostatic 
urethra with colonization of 
the prostatic ducts and acini 


ducts from true prostatic stromal invasion 
(Fig. 13.8) in view of the higher stage and associ- 
ated poor prognosis. Noninvasive colonization of 
glands by carcinoma in situ maintains the rounded 
contours of prostate glands, and admixed pros- 
tatic secretory epithelial cells may be seen. In 
contrast, prostatic stromal invasion is character- 
ized by irregular jagged nests of carcinoma, 
stromal retraction, or stromal desmoplasia [20]. 


Noninvasive Papillary Urothelial 
Carcinoma 

Noninvasive papillary urothelial carcinoma of the 
urethra has a morphology identical to those in the 
urinary bladder as discussed in Chap. 6. 


241 


Invasive Carcinoma 

Urothelial carcinoma: The full spectrum of inva- 
sive urothelial carcinoma, including variant 
forms, may be seen in the urethra. They are iden- 
tical to those seen in the urinary bladder. 


Squamous Cell Carcinoma 


Squamous cell carcinomas may range from the 
very well-differentiated verrucous carcinomas to 
poorly differentiated squamous cell carcinomas. 
However, most cases are invasive moderately dif- 
ferentiated carcinomas at presentation (Fig. 13.9). 
Keratin pearls, abundant eosinophilic cytoplasm, 
and intercellular bridges usually allow recogni- 
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Fig. 13.8 Urothelial 
carcinoma of the prostatic 
urethra with stromal invasion 


Fig. 13.9 Invasive 
moderately differentiated 
squamous cell cancer of the 
urethra 


tion as squamous type. In a subset of cases, it 
may be difficult to distinguish primary squamous 
cell carcinoma of the urethra from urothelial car- 
cinoma with extensive squamous differentiation. 
This issue is discussed fully in the chapter on 
squamous cell carcinoma of the bladder. 


Adenocarcinoma 


Adenocarcinomas of the urethra arise from the 
periurethral glands or through glandular metapla- 
sia of the overlying urothelium. These are typi- 
cally divided into nonclear cell and clear cell 
adenocarcinomas. Clear cell carcinoma is more 
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frequently seen in female patients, but cases do 
occur in male patients [21, 22]. There are isolated 
reports of adenocarcinoma arising in Littre and 
Cowper’s glands. Tumors arising in Cowper’s 
glands are typically located in the bulbomembra- 
nous region, while those arising from Littré 
glands are typically located in the distal portion 
of the penile urethra (Fig. 13.10), though they 
may occasionally arise proximally. The so-called 
“primary mucin-producing urothelial type adeno- 
carcinoma” is a rare tumor that also arises from 
the urothelium lining the prostatic urethra, result- 
ing in adenocarcinoma identical to its more com- 
mon counterpart seen in the urinary bladder 
(Fig. 13.11) [23]. Prostatic duct adenocarcinoma 
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Fig. 13.10 Adenocarcinoma 
of the glands of Littré 


Fig. 13.11 Primary 
mucin-producing urothelial 
type adenocarcinoma 


or usual type high-grade prostatic adenocarci- 
noma may present primarily as a urethral mass 
(Fig. 13.12). A significant number of prostatic 
duct adenocarcinomas arise from the periurethral 
region and are characterized by papillae with 
variable degree of complexity lined by tumor 
cells ranging from a single layer to multiple lay- 
ers of stratified columnar epithelial cells with 
prominent nucleoli [24]. Patients may present 
with urinary obstruction, hematuria, and a papil- 
lary tumor that appears to arise from the urethra 
closely mimicking a urothelial origin. In some 
cases, the histologic distinction between high- 
grade urothelial and prostatic carcinoma may 
require adjunctive immunohistochemical testing. 
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Prostatic adenocarcinomas typically express 
prostate-specific antigen (PSA) and prostate- 
specific acid phosphatase (PSAP), while they are 
negative with the urothelial markers uroplakin, 
thrombomodulin, p63, and high molecular weight 
cytokeratin. 


Management 


The primary form of treatment for men with 
urethral carcinoma is surgical excision 
(Fig. 13.13). In general, anterior urethral carci- 
noma is more amenable to surgical control, and 
the prognosis is better than that of posterior 
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Fig. 13.12 Prostatic duct 
adenocarcinoma and usual 
type high grade prostatic 
adenocarcinoma presenting 
as a urethral mass 


Fig. 13.13 Gross photos—male urethral cancer. (a, b) In 
situ and gross photos of a high-grade squamous urethral 
carcinoma at the orifice of a scrotal urethrostomy. (c) 


urethral carcinoma, which is often associated 
with extensive local invasion and distant metas- 
tasis [25]. Transurethral resection, local exci- 
sion, or distal urethrectomy and_ perineal 
urethrostomy may be acceptable treatment in 
selected patients with superficial, papillary, or 
low-grade tumors of the anterior urethra. Long- 
term disease-free survival has been reported in 
this setting [26-29]. Partial penectomy with a 
2 cm margin is the treatment of choice for 
tumors infiltrating the corpus spongiosum and 
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Cystoprostatectomy—penectomy-urethrectomy specimen. 
(d) Sections of urethral cancer specimen 


localized to the distal half of the penis. Excellent 
local control after this procedure has been docu- 
mented [28, 30-34]. If invasive disease extends 
to or involves the proximal penile urethra, total 
penectomy is required to obtain an adequate 
margin of excision. In the largest series to date, 
a local recurrence rate of 13% was reported after 
this procedure [30]. [lioinguinal lymphadenec- 
tomy is indicated in the presence of palpable 
inguinal lymph nodes without evidence of dis- 
tant metastatic disease. 
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Fig. 13.14 Female urethral 
cancer 


In the bulbomembranous urethra, noninvasive 
lesions may be treated with transurethral resection 
or segmental excision of the involved urethral 
segment with an end-to-end anastomosis. 
Unfortunately, noninvasive lesions are rare due to 
the typically late presentation of these patients. 
Poor survival figures have been recorded for all 
forms of treatment, but it appears that radical 
excision offers the best opportunity for long-term 
disease control and the lowest incidence of local 
recurrence. Radical cystoprostatectomy, pelvic 
lymphadenectomy, and total penectomy are 
usually required. Extending the operation to 
include in-continuity resection of the pubic rami 
and the adjacent urogenital diaphragm may 
improve the margin of resection and local control 
in some cases [34-38]. 

In general, radiation therapy has been reserved 
for patients with early-stage lesions of the ante- 
rior urethra who refuse surgery. The long-term 
results of radiotherapy are difficult to evaluate 
because few reports are available of patients 
treated with this modality [39, 40]. A small num- 
ber of studies have reported the results of neoad- 
juvant and adjuvant chemotherapy in patients 
with advanced stage or metastatic disease [41]. 
The combination of chemotherapy and radiation 
therapy has shown some success in a small num- 
ber of patients with localized and metastatic ure- 
thral cancer [42, 43]. More commonly, these 
forms of treatment are combined with surgery in 
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a multimodal approach in patients with advanced 
disease [8, 28, 44]. 


Urethral Cancer: Female 


Female urethral carcinoma is rare and accounts 
for approximately 0.02% of all female cancers 
[45] and less than 1% of cancers in the female 
genitourinary tract [46]. It is most often diag- 
nosed in the fifth and sixth decades of life [46]. 
While previous literature had suggested that pri- 
mary cancers of the urethra were more common 
in women than in men [47], recent evidence sug- 
gests otherwise. A recent survey of the National 
Cancer Institute Surveillance, Epidemiology, and 
End Results (SEER) database revealed a 2:1 
male-to-female predominance [48]. 


Clinical Presentation 


Clinical presentation is similar to those seen in 
men, with obstructive voiding complaints, ure- 
thral discharge, pain or bleeding, or a urethral 
mass predominating (Fig. 13.14). While the diag- 
nosis may be made more expeditiously in women 
owing to a shorter urethra, diagnosis may still 
often be delayed due to an inability for most 
women to easily visualize the area or hesitancy to 
seek medical attention for their symptoms. 
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Pathogenesis 


Several factors are associated with the develop- 
ment of urethral cancer in women, including: 
chronic irritation, caruncles, polyps, parturition, 
and HPV or other viral infections [8, 49]. Female 
urethral diverticula may also predispose the 
patient to malignant change, with a reported 5% 
of female urethral carcinomas arising within a 
diverticulum [50]. A major pitfall from the clini- 
cal standpoint is the misinterpretation of urethral 
carcinoma as a benign caruncle. 


Cystoscopic/Clinical Exam Findings 


Clinical examination should include a pelvic exam 
with bimanual palpation, as well as cystoscopy for 
visualization of the tumor and biopsy for tissue 
diagnosis. Often, bladder neck involvement can be 
determined on physical examination alone. 


Pathology 


According to SEER data, histological subtypes of 
female urethral cancer are nearly evenly split 
between urothelial, adenocarcinoma, and squamous 
cell cancer [48]. 


Squamous Cell Carcinoma 


Squamous cell carcinomas are similar to those 
described in the male. For HPV-associated 
urethral carcinomas, patients may have a prior 
history of or concomitant cervicovulvar dyspla- 
sia. Secondary squamous cell carcinoma extend- 
ing from the uterine cervix is morphologically 
indistinguishable from a urethral primary. This 
distinction would depend on clinical/radiographic 
correlation since HPV testing does not help. 


Adenocarcinoma 


Approximately 60% of cases are nonclear cell 
adenocarcinomas similar to those described for 
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males, but 40% are clear cell adenocarcinomas 
[51-53]. Clear cell adenocarcinoma has many 
morphologic features similar to those of the uterus 
and ovary. They are typically characterized by a 
mixed papillary and tubulocystic growth pattern, 
but solid patterns may also be seen. Dense stromal 
hyalinization within papillary cores is common. 
The epithelial cells often have clear or eosinophilic 
cytoplasm with a “hobnail appearance, and 
nuclear pleomorphism is variable. The architec- 
tural growth pattern of clear cell carcinoma may 
closely mimic nephrogenic adenoma, which is the 
main differential diagnostic consideration. Primary 
adenocarcinomas may also arise from the periure- 
thral or Skene’s glands. These tumors are charac- 
terized by a glandular, papillary, or micropapillary 
architecture and the tumor cells are either colum- 
nar or cuboidal with eosinophilic or clear cyto- 
plasm. In some cases the tumor may be identified 
with adjacent uninvolved periurethral glands. 


Management 


The vast majority of women with urethral cancer 
are symptomatic at the time of diagnosis. 
Management therefore includes obtaining tissue 
diagnosis (cystoscopic biopsy) and staging (lab- 
work, exam under anesthesia, computed tomog- 
raphy of the abdomen and pelvis, chest CT). 
Physical examination, cystoscopy, and occasion- 
ally pelvic magnetic resonance imaging (MRI) 
may help with surgical planning. Given the rarity 
of female urethral cancer and the heterogeneity 
of histological subtypes, treatment recommenda- 
tions are largely based on tumor location and 
clinical stage. Small, superficial tumors in the 
distal third of the urethra may be excised without 
compromising continence. The distal urethra 
should be excised circumferentially, with a por- 
tion of the anterior vaginal wall. While ablative 
technologies have been described for distal ure- 
thral tumors in women, they are not universally 
accepted [54]. Five-year disease-free survival has 
been reported up to 71% for distal tumors [55]. 
Adjuvant radiation for distal T2 tumors often 
improves survival [28, 56]. Potential complica- 
tions following partial urethrectomy include 
incontinence and meatal stenosis, but these 
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complications are usually treatable with subse- 
quent surgical procedures. 

Panurethral or proximal tumors require more 
radical treatment and demonstrate poorer cancer- 
free survival rates (48% for proximal tumors, 
24% for panurethral tumors) [55]. Usually total 
urethrectomy with anterior pelvic exenteration is 
performed; however, 5-year survival rates are low 
after exenteration for proximal urethral tumors 
[38]. Extent of resection depends on the extent of 
the tumor, but wide excision (en bloc) of the 
tumor and surrounding tissue is the rule. This 
may require vaginectomy, vulvectomy, and/or 
pubectomy. Due to the poor outcomes demon- 
strated for monotherapy alone and depending on 
the pathological subtype, multimodal treatment 
with radiation and chemotherapy is often consid- 
ered in these situations. 

The female urethra has classically been 
divided into the anterior (distal third) and poste- 
rior (proximal two-thirds) segments. Drainage of 
the lymphatics from the anterior (distal third) and 
posterior( proximal two-thirds) segments of the 
female urethra corresponds to the drainage basins 
already described for the male anterior and poste- 
rior urethra [57]. However, female urethral can- 
cer may be more likely to spread systemically 
without regional nodal involvement. Therefore, 
while inguinofemoral lymph node dissection 
(IFLND) provides important prognostic informa- 
tion for male urethral cancer, it is of little prog- 
nostic benefit for female urethral cancer. Despite 
this, IFLND is recommended for patients with 
clinically palpable metastatic adenopathy and no 
evidence of distant disease [58]. 


Female Urethral Diverticula 


Identification of a female urethral diverticulum is 
a challenging diagnosis and the possibility of a 
urethral diverticulum is often overlooked in the 
evaluation of a female urology patient. Although 
female urethral diverticuli can occur at any age, 
they are usually diagnosed in the third to fifth 
decades [59, 60]. The presentation of a woman 
with a urethral diverticulum may range from 
asymptomatic to debilitating symptoms. Such a 
range of presenting symptoms often contributes 
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to a delay in diagnosis. In addition to a variable 
clinical picture, the increased use of MRI has 
demonstrated that urethral diverticuli may have a 
great degree of anatomic variation (Fig. 13.15). 
Due to underdiagnosis, the historically cited 
prevalence of 1—6% is likely not an accurate esti- 
mation of the true prevalence of female urethral 
diverticuli [61]. A study conducted by Lorenzo 
and colleagues examined 140 women who pre- 
sented to a urologist with lower urinary tract 
symptoms. Each woman was evaluated with an 
endorectal coil MRI and 10% of the women were 
found to have a urethral diverticulum [62]. 


Clinical Presentation 


Classically, the presentation of a urethral diver- 
ticulum includes the triad of the “three D’s”: 
dysuria, dyspareunia, and postvoid dribbling. 
These symptoms are neither sensitive nor specific 
for urethral diverticuli and the majority of patients 
will not present with the classic triad. While up to 
20% of women with a urethral diverticulum are 
asymptomatic, the majority of patients are symp- 
tomatic and most frequently present with irrita- 
tive lower urinary tract symptoms, pain, and 
infection [63—66]. In 30-50% of patients, a ure- 
thral diverticulum will be associated with recur- 
rent urinary tract infections [64, 67]. In addition 
to these symptoms, 12—24% of women will expe- 
rience dyspareunia [63, 64] and 5-32% will com- 
plain of postvoid dribbling [64, 67]. 


Pathogenesis 


A urethral diverticulum is an epithelialized cavity 
that communicates with the urethral lumen and is 
contained within the periurethral fascia [60]. The 
majority of urethral diverticuli are acquired; how- 
ever, there are rare reports of congenital urethral 
diverticuli, which are thought to be remnants of 
Gartner’s duct cysts. Female urethral diverticuli are 
commonly found in the distal urethra where the 
periurethral glands drain. The periurethral glands 
lie lengthwise along the urethra in a posterolateral 
position and they are most prominent in the distal 
two-thirds of the urethra, with the majority of 
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Fig. 13.15 T2-weighted MRI demonstrating classic horseshoe-shaped urethral diverticulum 


glands draining into the distal one-third of the 
urethra. The most widely accepted hypothesis 
regarding the formation of female urethral diver- 
ticuli was first described by Routh in 1890 [68]. 
According to this hypothesis, repeated infection 
and subsequent obstruction of the periurethral 
glands lead to abscess formation. The periurethral 
abscess then ruptures into the urethral lumen and 
forms a cavity in communication with the lumen 
that becomes epithelialized over time [69]. Other 
possible etiologies include urethral trauma during 
birth and iatrogenic causes after procedures such as 
urethral instrumentation or periurethral injections 
[70]. The periurethral cavity is often connected to 
the urethral lumen by an ostium or neck. Similar to 
the variation in symptoms associated with female 
urethral diverticuli, a range of anatomic variability 
and complexity also exists. 


Clinical Examination/Cystoscopy 
The complete evaluation of a female patient who 


may have a urethral diverticulum includes a thor- 
ough history, a genital exam, urine studies in the 


form of a urinalysis and a urine culture, endo- 
scopic evaluation of the bladder and urethra, and 
radiologic imaging. The evaluation should also 
include urodynamic testing if the patient presents 
with urinary incontinence or voiding dysfunction 
[ ]. On physical exam, palpation of the dis- 
tal anterior vaginal wall may reveal a supple mass 
with a variable degree of tenderness. Palpation of 
the distal anterior vaginal wall may also reveal 
urine or purulent fluid via the meatus when the 
urethra is “milked.” Physical signs suggestive of 
a neoplastic process include a firm and fixed 
mass. A study conducted by Thomas and col- 
leagues determined that 6% of 90 consecutive 
women who underwent urethral diverticulectomy 
at a single institution had invasive carcinoma on 
final pathology [74]. The presence of stagnant 
urine also leads to the formation of stones in up to 
10% of urethral diverticula. Following a thorough 
physical exam, careful urethroscopy may allow 
visualization of an ostium. 

High-quality imaging is essential as both a 
diagnostic tool and a key component of preopera- 
tive planning. Imaging modalities used to evalu- 
ate a patient for a urethral diverticulum include 
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positive pressure urethrography (PPU), voiding 
cystourethrography (VCUG), ultrasound, and 
magnetic resonance imaging. Each imaging tech- 
nique has both advantages and disadvantages and 
the choice of imaging modality may depend on 
local availability of imaging, cost, and experi- 
ence of the radiologist. In the past, VCUG and 
PPU were the most commonly used studies to 
detect a urethral diverticulum. VCUG is a widely 
available imaging technique that can produce 
high-quality imaging of a urethral diverticulum 
with a reported sensitivity as high as 65% [75]. 
PPU, also known as a double balloon urethro- 
gram, utilizes high pressure contrast in the ure- 
thra to define urethral anatomy and identify 
potential communications with periurethral 
diverticuli. Two studies compared PPU to VCUG 
and determined that PPU has greater sensitivity 
[76, 77]. PPU has largely fallen out of favor with 
the advent of more advanced imaging techniques, 
which provide better anatomic detail and are eas- 
ier to administer [78]. 

MRI provides the greatest anatomic detail and 
has become the gold standard for the evaluation 
of female urethral diverticuli. MRI is performed 
using either an external coil or an endoluminal 
technique that involves placement of the coil 
within a body cavity near the tissue of interest. 
Nietlich and colleagues demonstrated that exter- 
nal coil MRI was more sensitive and had a better 
negative predictive value compared to PPU [78]. 
When endovaginal and endorectal techniques 
were examined, endoluminal MRI was found to 
be more sensitive and more accurate in its ana- 
tomic detail compared to VCUG [79]. 
T2-weighted series demonstrate increased signal 
intensity in the urethral diverticulum and this 
delineation from surrounding tissues provides 
high resolution multiplanar imaging that can be 
utilized for surgical planning. 


Pathology 


Histologic evaluation of urethral diverticula typi- 
cally shows a saccular invagination of urothelium 
into the lamina propria or muscularis propria. 
The surface lining may also show squamous or 
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glandular metaplasia. Diverticula may be associ- 
ated with benign epithelial lesions that are asso- 
ciated with inflammation, i.e., cystitis cystica et 
glandularis and nephrogenic adenoma. The inci- 
dence of carcinoma arising in the setting of ure- 
thral diverticula ranges from 2 to 15%. The 
carcinomas typically associated with urethral 
diverticula include adenocarcinoma, squamous 
cell carcinoma, and urothelial carcinoma. Among 
women undergoing urethral diverticulectomy and 
found to have urethral cancer, adenocarcinoma 
was the predominant histological type. Intestinal 
metaplasia with dysplasia has also been identified 
in urethral diverticuli [74]. 


Management 


Both nonsurgical and surgical treatments play a 
role in the management of urethral diverticuli. A 
nonsurgical approach with use of suppression- 
dose antibiotics, anticholinergics, and sitz baths 
may be appropriate when the patient has a small 
diverticulum not amenable to surgical excision 
and minimal to no symptoms. Several surgical 
techniques have been described for the treatment 
of urethral diverticuli, including transurethral 
incision of the diverticulum, marsupialization of 
the diverticulum into the vagina, and transvaginal 
excision of the diverticulum with urethral recon- 
struction as deemed necessary. Transvaginal 
excision of the diverticulum has become the treat- 
ment of choice with a largely uniform technique. 


Benign Urethral and Nonurothelial 
or Squamous Malignant Lesions 


A number of other urethral lesions have been 
described in men and women, usually in the form 
of case reports, and are rarely encountered. As a 
general rule, these are found during routine cys- 
toscopy for obstructive voiding complaints. 
Lesions in men may feel plaque-like and be mis- 
diagnosed as Peyronie’s disease, but Peyronie’s 
disease never involves or compromises the ure- 
thra. Therefore, patients who are thought to have 
a ventral Peyronie’s plaque but have a lesion 
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involving the urethra or a urethral mass visual- 
ized during cystoscopy should undergo biopsy. 
Some lesions require open excisional biopsy if 
cystoscopic biopsy fails to acquire enough tissue 
for a pathological diagnosis to be determined. We 
favor a midline raphe incision over the tumor 
with direct dissection down to the mass for lesions 
in the penile urethra, and a midline perineal 
approach for bulbar masses that require exci- 
sional biopsy. Treatment is driven by etiology 
and often requires involvement of other medical 
specialists to treat systemic manifestations of the 
disease, as with amyloidosis or tuberculosis. 
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Introduction 


Although any form of carcinoma identified in the 
urinary tract may arise in the upper tract, the most 
common cancer at this site is urothelial carci- 
noma (UC). The occurrence of upper urinary 
tract UC is rare, but may occur anywhere from 
the urothelium of the renal pelvis to the distal 
ureter (Fig. 14.1). It accounts for approximately 
8% of all renal tumors and 5% of all tumors of 
the urinary tract [1—4]. Its incidence, however, 
increases among those who are exposed to par- 
ticular chemicals or who are genetically suscep- 
tible. Urothelial carcinoma of the upper urinary 
tract occurs about three to four times more fre- 
quently in the renal pelvis than in the ureter. 
Bilateral synchronous upper urinary tract UC 
represents about 3% of the urothelial carcinomas 
[5]. Although sharing histological and molecular 
similarities with bladder UC [6, 7], upper tract 
UC has anatomic differences that may affect dis- 
ease prognosis. 
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Pathogenesis 
Epidemiology 


Upper urinary tract UC affects 0.7 to 1.1/100,000 
individuals [8] and is generally a disease of the 
elderly, with the mean age of diagnosis in the 
sixth or seventh decade [8, 9]. The male-to- 
female incidence ratio is approximately 1.7:1 [8]. 
Although the frequency of upper urinary tract UC 
is increasing, it continues to represent only a 
small percentage of all urothelial carcinomas [8, 
10]. This increased incidence is a result of both 
improved diagnosis in upper urinary tract UC and 
the more effective treatment of bladder cancer 
that allows for a longer survival in patients with 
urinary tract carcinoma. As a consequence, upper 
urinary tract UC has more time to develop in 
patients with an initial diagnosis of UC of the 
lower urinary tract, a phenomenon described as 
length time bias. Notably, about 80% of upper 
tract UC occurs in patients with a history of blad- 
der cancer [11]. 


Risk Factors 


Previous Urinary Bladder Cancer 

Having a history of bladder cancer is the major 
risk factor for developing an upper urinary tract 
UC. The multifocal nature of urinary tract cancer 
has originally been attributed to the field 
“cancerization”’—a predilection of the entire 
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Fig. 14.1 CT scan of a renal pelvic tumor, delay 


urothelial lining of the upper and lower urinary 
tract to develop UC, due to exposure of all parts 
of the urinary tract to the same carcinogens such 
as tobacco products and other chemicals (see 
later). The monoclonality of most multifocal 
bladder cancers argues against this concept of 
multifocal de novo bladder carcinogenesis [12]. 
Instead, it is more commonly believed that 
implantation of cancer cells shed in the urine and 
intramucosal spread of cancer cells explain the 
multifocality of UC. This has been supported by 
clonality analysis of multifocal bladder tumors 
by a combination of histopathologic organ map- 
ping, loss of heterozygosity, fluorescence in situ 
hybridization (FISH), and p53 analyses. Given 
the frequent association of lower urinary tract UC 
with upper urinary tract UC, patients with multi- 
focal cancer need to be monitored for the devel- 
opment of an upper urinary tract UC. 


Tobacco 

Tobacco smoking is an important risk factor for 
development of UC. Cancer risk increases with 
both consumption dose and duration of use 
[13-16]. Smoking exposure is complex and 
linked to multiple substances that include 


aromatic amines, like benzopyrene or dimethyl- 
benzanthracene [17]. The aromatic amines are 
metabolized by the body into N-hydroxyalanine, 
which poses carcinogenic activity. The 
N-hydroxyalanine is modulated by different 
enzymatic systems (cytochrome P450s including 
CYP1A1, glutathione S-transferases and N-acetyl 
transferases), and any of these enzymatic systems 
may contain polymorphisms that might explain 
individual susceptibility to upper urinary tract 
UC [18]. Exposure to tobacco increases the rela- 
tive risk of developing upper urinary tract UC to 
2.5-7 [15]. Fortunately, the risk for upper urinary 
tract UC decreases by 60-70% when smoking 
cessation has been longer than 10 years [13]. 


Phenacetin 

Long-term use of phenacetin has been implicated 
as a risk factor for upper urinary tract UC [14—16, 
19-22]. Nephrotoxicity of phenacetin was first 
recognized and reported in Sweden in 1961 [23]. 
There is evidence now that phenacetin indirectly 
causes carcinogenesis by inducing nephrotoxic- 
ity through papillary necrosis, which may pro- 
mote carcinogenesis or behave as a compounding 
factor in the presence of chronic irritation, 
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infection, or smoking [24]. The use of phenacetin 
was abandoned in the 1980s due to the implica- 
tions of developing upper urinary tract UC [17]. 
Surprisingly, the average latency period for devel- 
oping upper urinary tract UC is approximately 22 
years [24]. Since the cessation of phenacetin use, 
the incidence of upper urinary tract UC from this 
cause is now decreasing [24]. 


Lynch Syndrome (Hereditary 
Nonpolyposis Colorectal Cancer 
Syndrome) 

Hereditary nonpolyposis colorectal cancer syn- 
drome (HNPCC), or Lynch syndrome, is a famil- 
ial cancer syndrome with autosomal dominant 
inheritance. The main cancers found in families 
with HNPCC are colorectal carcinomas (63%), 
but this syndrome also includes extracolonic 
cancers such as endometrial carcinomas (9%) 
and upper urinary tract carcinomas (5%). In peo- 
ple with HNPCC the risk of upper tract UC is 
increased 14—22 times as compared to the gen- 
eral population [5]. The syndrome is caused by 
germline mutations affecting one or several of 
the mismatch repair genes (e.g., hMSH2,hMLH1, 
hMSH6, hMLH1). During cellular replication 
the ensuing mismatch repair defect causes mic- 
rosatellite repeat replication errors, leading to 
frameshift mutations in various genes. The fre- 
quency of microsatellite instability in upper uri- 
nary tract UC varies in the literature between 4 
and 26%, depending on the tests used and the 
characteristics of the investigated population [5]. 
Immunohistochemistry that reveals the absence 
of the mismatch repair genes in the nuclei of the 
tumor cells can help the initial identification of 
patients with Lynch syndrome among those pre- 
senting with an upper urinary tract UC. These 
patients should be referred for genetic counsel- 
ing and assessment of family members, who 
may be at risk for colorectal cancer or an extra- 
colonic cancer manifestation of the syndrome. 
Urologists should be aware of cancer syndrome, 
particularly when they encounter a younger 
patient with upper tract UC. The revised Bethesda 
criteria (2003) guide clinicians to determine 
which individuals need testing for microsatellite 
instability [25]. 


Balkan Endemic Nephropathy 

Balkan endemic nephropathy—first described in 
the 1950s—is a chronic tubulointerstitial neph- 
ropathy with insidious onset that ultimately leads 
to renal failure [26]. It affects mainly farmers in 
the plains along the Danube in Bosnia, 
Herzegovina, Bulgaria, Croatia, Romania, and 
Serbia [26], who are exposed to degradation 
products of coal-containing soil. These patients 
are generally younger, usually present with renal 
failure, usually have upper urinary tract tumors of 
lower grade and stage, and have bilateral and/or 
multiple tumors [27, 28]. The incidence of upper 
urinary tract UC in the Balkan areas formerly 
was up to 100 times higher than in the nonen- 
demic areas [27]; however, subsequent reports 
suggest that the incidence of upper urinary tract 
UC from the Balkan endemic nephropathy regions 
of Serbia appears to be decreasing [29, 30]. 
Unfortunately, though, UC cancer-specific sur- 
vival rates in the region are decreasing without 
valid explanation [28]. 


Aristolochic Acid 

End-stage kidney disease has been reported in 
young women taking weight-loss pills containing 
Chinese herbs Stephaniatetrandra and Magnolia 
officinalis [31]. The pattern of interstitial fibrosis 
characterized in Chinese herb nephropathy 
resembles Balkan endemic nephropathy [31-33]. 
In some instances, it was suspected that aristo- 
lochic acid—which has well-established potent 
carcinogenic properties in animal studies—was 
inadvertently substituted for tetrandrine when 
generating extracts [34, 35]. In humans, the 
metabolites of aristolochic acid (aristolactams) 
were detected in kidneys that were removed from 
the patients with Chinese herb nephropathy. In 
fact, those metabolites were bound to DNA, sug- 
gesting a link to carcinogenesis in those patients 
[36]. Some investigators have shown that these 
metabolites are directly involved in tumorigene- 
sis [37] and cause development of UC when 
exposed to them. 


Cyclophosphamide 
Cyclophosphamide is an alkylating agent and has 
been used since the 1960s for the treatment of 
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hematologic malignancies and severe manifesta- 
tions of systemic forms of autoimmune disease. 
As exposure to cyclophosphamide increases UC 
risk in a dose- and duration-dependent manner, 
the prolonged exposure of patients with autoim- 
mune disease to this drug has been associated 
with an increased risk of urinary tract cancer [38]. 
A few cases of cyclophosphamide-induced upper 
urinary tract UC have been reported [39], and one 
clinical trial has suggested that patients with a 
history of superficial bladder UC are at increased 
risk for development of upper urinary tract UC 
when given a single high dose of cyclophosph- 
amide [40]. 


Additional Risk Factors 

Other risk factors include papillary necrosis, 
stones, and occupational exposures to petro- 
chemical, plastic materials, coal, asphalt, tar, and 
thorium-containing contrast media [4, 41]. 


Prognostic Factors 


Tumor stage is the most important prognostic 
factor [42, 43]; however, location, higher grade, 
multifocality, and lymphovascular invasion all 
impact patient survival [44—48]. Importantly, 
transmural tumor growth (pT3 or pT4) was 
reported to be less common in distally located 
tumors (33%) as compared to tumors arising in 
the midureter (44%), proximal ureter (75%) or 
renal pelvis (41%). Distally located tumors in the 
ureter have a much better disease-specific sur- 
vival (median 53 months) than proximally located 
ureteric UC (median 16 months) [44]. It is likely 
that tumors in the distal ureter give earlier rise to 
clinical symptoms, allowing for their detection 
before they have reached an advanced stage. 
There is an ongoing debate as to whether the 
location of UC within the upper urinary tract is a 
major prognosticator by itself, independent of 
stage. According to some studies, renal pelvis 
UC has a better prognosis than ureteric UC of the 
same pathological stage [49, 50]; however, one 
recent large study demonstrated no difference in 
outcomes following nephroureterectomy between 
stage-matched patients with tumors of the renal 
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pelvis and the ureter. The latter data would sup- 
port the current tumor—nodes—metastasis (TNM) 
staging system, in which renal pelvic and ureteral 
carcinomas are classified as one integral group of 
tumors [43]. 

Lymph node status appears to be another 
strong prognosticator for disease. The 2-year and 
5-year cancer-specific survival rates for nodal 
involvement after treatment were 26.3% and 15% 
compared to 95.2% and 85.2% for patients with- 
out any nodal involvement [51]. Other indepen- 
dent prognostic factors in upper tract UC for 
disease-specific survival and disease recurrence 
are tumor necrosis >10% and tumor architecture 
that is papillary or sessile [52, 53]. 


Clinical Presentation 


Common symptoms of localized upper urinary 
tract UC include microscopic or gross hematuria 
and dysuria. Dysuria may be present especially 
when the ureteral tumor is located distally and 
involves the trigone. Patients can also present 
with flank pain in 10-40% [54]. Pain is usually 
dull in nature due to gradual obstruction from 
tumor. However, when hematuria occurs and a 
blood clot obstructs the ureter, patients may pres- 
ent with acute flank pain. Flank pain does not 
correlate with locally advanced disease or worse 
prognosis. Patients with more advanced disease 
may present with array of constitutional symp- 
toms that include weight loss, anorexia, malaise, 
abdominal mass, bone pain, fever, anemia, and 
night sweats. 

Upper urinary tract UC spreads by direct 
extension into the adjacent organs or by lym- 
phatic and hematogenous routes. Common sites 
for metastases include lung, liver, bone, and 
regional lymph nodes. The comparatively thin 
layer of muscularis in the ureter and renal pelvis 
allows for early penetration and dissemination of 
tumor (Fig. 14.2a, b) [55]. For renal pelvic UC, 
the renal parenchyma may serve as a barrier for 
pT3 tumor and thus may slightly delay dissemi- 
nation to distant organs (Fig. 14.3a,b). Periureteral 
tumor extension carries a much higher risk of 
early tumor dissemination via lymphatic and 
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Fig. 14.2 (a) CT nephrogram, upper tract. (b) CT delay, upper tract 


vascular routes (Fig. ). Lymphatic metastases 
from the renal pelvic and proximal ureteral 
tumors spread initially to paraaortic and para- 
caval lymph nodes, whereas distal ureteral tumors 
tend to spread to pelvic lymph nodes [ J: 

Clinical staging of advanced disease should 
include chest X-ray, abdominal computed tomog- 
raphy, liver function tests, and possibly nuclear 
bone scan. All patients should undergo cystos- 
copy as well. 


Clinical Examination 


Urine Sample 

Cystoscopic ureteral catheterization is required 
to obtain samples of renal pelvic and ureteral 
washings or urine. When washings of the upper 
urinary tract are performed, saline is preferred, as 
sterile water causes cytolysis of cells that result 
in disruption of cellular membrane, and makes 
the specimen interpretation difficult. Washing 
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Fig. 14.3 (a, b) Retrograde filling defect 


Fig. 14.4 Ureteral tumor, 
retrograde 


with gentle irrigation, as opposed to passive col- 
lection of urine, provides better tissue sampling 
by releasing loosely attached cells. 

Urinary cytology is a valuable diagnostic 
modality in evaluating patients with suspected 
upper urinary tract UC. The limitation of urinary 
cytology as a diagnostic tool is that overall sensi- 
tivity is low, especially for detecting low-grade 
and superficial tumors [59, 60]. This drawback is 
explained in large part by lack of morphologic 
criteria for separating well-differentiated low- 


grade UC from benign urothelial cells [61]. There 
exists limited literature on the use of urine tests 
for detection of UC in upper tract urines or wash- 
ings as a diagnostic or monitoring tool, mainly 
making use of the cytogenetic aberrations in UC 
cells. These tests include FISH and microsatellite 
analysis. 

FISH is a cytogenetic technology that is used 
for analysis of multiple chromosomes. The most 
commonly used technology for detection of blad- 
der cancer uses the fluorescently labeled DNA 
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Fig. 14.5 (a) Renal pelvic papillary tumor. (b, c) Ureteroscopic view of a renal pelvic tumor 


probes that hybridize to the centromere of chro- 
mosomes 3, 7, and 12 as well as the 9p21 locus. 
Some studies reported the benefit of this FISH 
analysis on washings of the upper urinary tract, 
including an increased sensitivity particularly for 
lower grade UC over cytology, but their sample 
sizes were small [62, 63]. In patients who under- 
went a urinary diversion after cystectomy for 
bladder cancer, FISH performed on ureter wash- 
ings showed a high sensitivity and a high negative 
predictive value. However, its positive predictive 
value was modest, which raised concerns over the 
cost-effectiveness of this expensive method for 
follow-up of these patients [64]. Another DNA- 
based technology to detect UC is microsatellite 
analysis to demonstrate loss of heterozygosity for 
selected genetic loci in the cells shed in urine 
samples. In a randomized clinical trial on the use 
of microsatellite analysis on voided urine samples 
for monitoring patients with low-grade UC of the 
urinary bladder, it was noted that this technique 
was able to identify all four upper urinary tract 
recurrences [65]. Since this technique is labori- 
ous and costly, its routine use is in monitoring 


patients for upper tract UC awaits further improve- 
ments in its cost-effectiveness. 


Biopsy of the Upper Urinary Tract 
Improvements in endoscopic technique allow 
biopsies to be obtained from suspected lesions in 
the upper urinary tract. The biopsy of upper uri- 
nary tract UC may play an important role in the 
preoperative prediction of the presence of 
nonorgan-confined UC of the upper urinary tract, 
with grade, architecture, and location being the 
strongest predictors [66]. 

In general, upper tract biopsies are very small, 
generally with a diameter of a few millimeters. 
Although usually sufficient for histopathological 
verification of the disease process and the archi- 
tecture (papillary, flat, or nonpapillary/sessile), 
pathological staging is often challenging. 
Pathological grade is often readily assessed on 
sampled lesions, although cautery and crush arti- 
fact, as well as small sample size, may limit inter- 
pretation. For flat lesions of the ureter or renal 
pelvis, such as carcinoma in situ (Fig. 14.5a, b, 
c), clinicopathological correlation is required to 
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Fig. 14.6 (a, b) Ureteroscopic views of renal pelvic tumor 


determine how representative the biopsy is of the 
underlying process. Invasion of a high-grade 
lesion into either the stalk of a papillary lesion or 
the lesion base may be appreciated in a larger 
specimen; however, further detailed staging (such 
as invasion into the muscularis or beyond) is gen- 
erally not possible on upper tract biopsies due to 
the lack of subepithelial structures in the majority 
of biopsies (Fig. 14.6a, b). Finally, a number of 
lesions may be undergraded or understaged due 
to limited access to the entire lesion cystoscopi- 
cally, as well as proposed heterogeneity within 
the lesion [67]. One recent study suggests that 
endoscopic biopsies of upper tract lesions may 
result in undergrading and understaging of 
urothelial carcinomas in up to 40% of cases [68]. 

A diagnosis of papillary urothelial neoplasm 
of unknown malignant potential (PUNLMP) 
should generally be avoided on small superficial 
biopsies of the upper urinary tract, as tumor het- 
erogeneity and the presence of invasion may lead 
to undergrading of the tumor. 

Upper tract UC may also be identified on nee- 
dle biopsy for evaluation of a renal neoplasm. 
These lesions appear morphologically distinct 


from all forms of renal cell carcinoma and may 
be diagnosed directly or with the aid of immuno- 
histochemical stains. 


Radiologic Evaluation 


Excretory Urography 

Traditionally, the diagnosis of upper urinary tract 
UC had been made with excretory urography. 
Upper urinary tract UC demonstrates as a filling 
defect when contrast fills the collecting system. 
The sensitivity can range from 50 to 80%, which 
is lower than computed tomography (CT) urogra- 
phy, 88—100% [69, 70] (see next section). The 
amount of radiation exposed from excretory 
urography is approximately (7.9 mSv), which is 
2.5 less than CT urography (20 mSv) [71]. 

Any filling defect within the upper urinary tract 
can be confused with fungal bezoars, clots, papil- 
lary necrosis, and so forth [72]. Manifestations of 
the filling defect can be smooth or irregular. When 
tumor is irregular, contrast can tract along the 
crevice of a papillary lesion, creating a “stipple 
sign” [73]. Whentumorobstructs the infundibulum, 
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Fig. 14.7 Retrograde 
stricture 


it can create “caliceal amputation” [72]. Moreover, 
tumors can create a stricture-like lesion that can 
mimic tuberculosis of the kidney [74]. A major 
disadvantage of the excretory urography is that a 
nonfunctioning kidney cannot be assessed since it 
requires excretion of contrast into the collecting 
system to create filling defects [72]. 


Computed Tomography 

Computed tomography (CT) urography has 
replaced excretory urography in evaluating the 
upper tract urinary system. More sensitive than 
ultrasonography, it can detect other incidental 
lesions [69, 75, 76]. CT urography consists of 
three phases. Initial imaging is performed from 
the top of the kidney down to the pubic symphy- 
sis to exclude nephrolithiasis. Intravenous con- 
trast is administered, and the nephrographic 
phase is evaluated after 80-140 s. This phase 
evaluates the renal parenchyma to exclude 
enhancing renal masses. Lastly, excretory phase 
is performed 4—8 min after intravenous infusion 
of contrast. This allows assessment of the col- 
lecting system. Any lesion within the upper uri- 
nary tract collecting system will manifest as 
filling defect during the excretory phase of CT 
urography. Advanced UC of the renal pelvis may 
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extend into the renal parenchyma and distort the 
architecture of the parenchyma (Fig. 14.7). 

Hydronephrosis is a common finding in ure- 
teral tumors, and hydroureter can be seen to the 
proximal level of obstruction due to tumor. 
Ureteral wall thickening, luminal narrowing, 
mass, and/or ureteric fat stranding may be pres- 
ent on CT scan [77]. Figure 14.8a, b demonstrate 
a CT scan of nephrogram and excretory phases 
demonstrating stranding around the thickened 
proximal ureter. 


Retrograde Pyelography 

Retrograde pyelography is utilized in patients 
with impaired renal function or intravenous con- 
trast allergy. As with urography, intraluminal 
filling defect represents a lesion. When infundibu- 
lum is involved by the tumor and causes obstruc- 
tion, as mentioned previously, an “amputated” 
calyx may be seen. Tumors in the ureter usually 
present with an “apple core” appearance. A major 
advantage of retrograde pyelography is that con- 
comitant diagnostic procedures can be per- 
formed, such as cystoscopy and ureteroscopy. 
If an abnormal lesion is encountered, tissue 
biopsy, cytology, and fulguration can be per- 
formed simultaneously. 
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Fig. 14.8 (a, b) Ureteroscopic view of stricture 


Cystoscopic and Ureteroscopic 
Evaluation 


Endoscopic advances have made evaluation of 
the upper urinary tract more accurate. Modern 
flexible ureteroscopes are much smaller, and 
with fiberoptic technology, visualization is 
significantly enhanced. The superior deflection 
of the scope allows easy navigation throughout 
the entire collecting system to locate tumor. 
Tumors can be localized and biopsied, usually 
with either a flat wire basket or biopsy forceps. 
Caution must be practiced during navigation in 
the collecting system to avoid trauma, since 
small amounts of bleeding obscure visualiza- 
tion. Accurate staging from ureteroscopic biopsy 
is usually limited due to small tissue sampling. 
In order to circumvent this issue, multiple biop- 
sies can be obtained to increase the yield of the 
tissue sample. Cystoscopy should be performed 
to exclude bladder cancer when upper urinary 
tract UC is suspected. When an abnormal lesion 
is found in the bladder, it should be biopsied and 
treated. 


Pathology of Upper Urinary Tract 
Lesions 


Benign Lesions 


Von Brunns nests may be evident in the subepi- 
thelial connective tissue of the renal pelvis and the 
ureters and may rarely raise the differential diag- 
nosis of UC. Another lesion with indolent behav- 
ior that occurs in the upper tract is the inverted 
papilloma [78, 79], which may raise the differen- 
tial diagnosis of low-grade UC with an inverted 
growth pattern. In cases where the distinction is 
challenging due to small biopsy sampling, caution 
is warranted in the final diagnosis with close fol- 
low-up of the patients recommended [78]. 

Polypoid pyelitis and ureteritis are the upper 
urinary tract analogues of the more commonly 
seen polypoid cystitis or papillary cystitis of the 
bladder. These lesions may mimic low-grade 
papillary UC, but can be distinguished by the 
presence of a broad base, the absence of 
fibrovascular cores, and the presence of edema, 
fibrosis, and inflammatory cells [80]. 
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Neoplastic Lesions 


Urothelial Carcinoma 
UC represents more than 95% of the upper uri- 
nary tract malignancies, with the same gamut of 
gross appearances as elsewhere in the urinary 
tract. The most common tumors include exo- 
phytic papillary tumors with or without a promi- 
nent inverted growth pattern component, and the 
nonpapillary, invasive high-grade UC. UC with 
an inverted growth pattern tends to occur more 
frequently in the upper urinary tract, and this vari- 
ant may preclude accurate pathological staging, 
as it can be difficult to distinguish a true invasion 
from a mere inverted growth pattern. The latter is 
defined by discrete, rounded nests of urothelium 
that often interanastomose and demonstrate a dis- 
tinct basement membrane. Although invasion 
may occur in association with an inverted growth 
pattern, this is characterized by classic features 
such as irregular nests or individual cells perme- 
ating below the basement membrane, paradoxical 
differentiation, and retraction artifact. The pres- 
ence of an inverted growth pattern was found to 
be indicative of microsatellite instability [81]. 
Large, non-invasive papillary low-grade UC 
may occur and appears to “fill up” and distend 
the renal pelvis; these lesions often either lack 
invasion or have invasion limited to the subepi- 
thelial connective tissue. Occasionally, intratubu- 
lar spread—or spread of tumor cells within the 
lumen of renal tubules—may occur. This feature 
in isolation is considered noninvasive; however, 
it may occur in the presence of invasive carci- 
noma. In addition to the pure UC and those with 
squamous and glandular differentiation, all other 
less common UC variants encountered in the 
bladder may be found in the upper urinary tract 
(e.g., micropapillary, nested variant, plasmacy- 
toid variants)[4]. In addition, sarcomatoid carci- 
nomas of the renal pelvis have been reported 
[82]. Upper tract UC should be graded in a simi- 
lar way as those of the lower urinary tract, using 
the World Health Organization (WHO) 2004 
grading system. Although the current European 
Association of Urology (EAU) and American 
Urological Association (AUA) guidelines also 
recommend the inclusion of the previous WHO 


1973 grading in pathology reporting, as this may 
add some benefit as an independent prognostic 
factor for pT1 disease, this practice is generally 
not followed in the USA due to broad morpho- 
logical overlap in Grade 2 categorization. 

Differential diagnostic problems may espe- 
cially arise when glandular differentiation of the 
carcinoma is present. In this scenario, the major 
differential diagnostic consideration is a collect- 
ing duct adenocarcinoma of the kidney, since the 
latter is localized to the renal pelvis and shows a 
diffuse and irregular infiltration pattern into the 
renal parenchyma, similar to high-grade UC with 
glandular differentiation. A history of bladder 
cancer, the presence of carcinoma in situ, and the 
identification of squamous and/or predominantly 
solid tumor growth are all features that point at a 
urothelial origin. 


Squamous Cell Carcinoma 

Pure squamous cell carcinomas of the upper uri- 
nary tract are rare, representing less than 5% of 
upper urinary tract cancers. They are mainly 
associated with chronic inflammatory conditions, 
such as nephrolithiasis, and they are mostly found 
in the renal pelvis. The male-to-female ratio is 
equal [83]. These lesions are thought to originate 
from areas of squamous metaplasia, caused by 
the chronic inflammation. At gross inspection, 
squamous cell carcinomas are often large, 
necrotic, and ulcerated, with invasion into the 
renal parenchyma and the surrounding adipose 
tissue. A white, flaky appearance may be appreci- 
ated due to the presence of keratin formation. 
Grading is performed using the same criteria as 
squamous cell carcinomas of other locations, but 
this has limited prognostic impact. Most renal 
pelvis squamous cell carcinomas are moderately 
to poorly differentiated; they are large with exten- 
sive infiltration of the renal parenchyma, and as a 
consequence they have a poor prognosis. Stage 
for stage, however, the prognosis for pure 
squamous cell carcinoma of the renal pelvis is 
similar to that of UC of the same location [83, 
84]. If a squamous cell carcinoma of the ureter is 
encountered in females, the differential diagnosis 
of infiltrative growth per continuitatem from the 
cervix must be entertained. 
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Table 14.1 Pathological staging of invasive carcinoma of the upper tract 


T (primary tumor) 


TX Primary tumor cannot be assessed 
TO No primary tumor 
Ta Papillary noninvasive carcinoma 
Tis Carcinoma in situ 
T1 Tumor invades subepithelial connective tissue 
T2 Tumor invades the muscularis propria 
T3 (Ureter) Tumor invades periureteral fat; 
(Renal pelvis) Tumor invades beyond muscularis propria into perinephric fat or the renal parenchyma 
T4 Tumor invades adjacent organ, or through the kidney into the perinephric fat 


N (lymph nodes) 


NX Regional lymph node cannot be assessed 

NO No regional lymph node metastases 

N1 Metastasis to a single lymph node, 2 cm or less in greatest dimension 

N2 Metastasis in a single lymph node, more than 2 cm but not more than 5 cm in greatest dimension; or 
multiple lymph nodes, none more than 5 cm in greatest dimension 

N3 Metastasis in a lymph node, more than 5 cm in greatest dimension 


M (distant metastasis) 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 

M1 Distant metastasis 
Adenocarcinoma 


Adenocarcinomas of the upper urinary tract are 
even rarer than squamous cell carcinoma, and 
they also occur most often in association with 
nephrolithiasis. The same morphologic variants 
as found in the urinary bladder (i.e., signet cell, 
mucinous, intestinal) have been reported in the 
upper urinary tract [4]. Clinicopathological cor- 
relation and further histopathological workup 
may be required in order to exclude metastatic 
adenocarcinoma of the breast, gastrointestinal 
tract, lungs or gynecologic tract. Multifocality, 
lack of mucosal involvement, lack of hydroneph- 
rosis, and the absence of stones may raise the sus- 
picion of metastatic disease. 


Other Neoplasms 

Other malignant tumors that may rarely involve 
the upper urinary tract include small cell carci- 
noma and leiomyosarcoma. Their behavior is 
similar as in other body sites [85]. 


Challenges to Pathological Staging 


For pathological staging of upper urinary tract 
UC, the subepithelial connective tissue, the 
muscularis, the renal sinus fat/periureteric fat, 
and renal parenchyma represent the major land- 
marks, as their involvement by infiltrating can- 
cer determines the actual pathological stage 
(Table 14.1). Pathological staging of upper uri- 
nary tract UC can be challenging for a number 
of reasons. First, large exophytic renal pelvic 
tumors have a tendency to display an inverted 
growth pattern, as discussed previously. Second, 
the caliber of smooth muscle in the ureter and 
renal pelvis may be highly variable and may be 
nearly absent in the calyces and renal sinus, 
making a distinction between pT1 and pT2 sub- 
jective at this site. Finally, poor fixation and pro- 
cessing may also result in artificial retraction 
artifacts, confounding the establishment of 
invasiveness. 
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One mimicker of stromal invasion can be 
found at the interface between renal pelvis and 
renal parenchyma, where UC cells of the renal 
pelvis may propagate along some of the renal 
collecting ducts, termed “intraductal spread ”. In 
this way, they replace the lining tubular cells of 
the kidney, but they do not infiltrate the peritubu- 
lar kidney stroma. This spread of UC cells into 
the renal tubules does not constitute parenchymal 
invasion; rather, it represents pTis disease [4]. In 
particular, large papillary or polypoid masses of 
the renal pelvis without obvious invasion of sur- 
rounding structures as judged from gross inspec- 
tion require extensive sampling of the pelvicaliceal 
system, in order to appreciate the presence of 
invasion, and/or the level of invasion. 


Surgical Management 


Multiple surgical options are available for man- 
aging patients with upper urinary tract UC. 
Radical nephroureterectomy with bladder cuff 
excision is the gold standard treatment for upper 
tract UC. There are different approaches that 
have been described to manage bladder cuff exci- 
sion, and it will be discussed in the later portions 
of the chapter. 

Distal ureterectomy with ureteroneocystotomy 
is an option for bulky distal ureteral tumors that are 
not amenable to endoscopic treatment. Segmental 
ureterectomy for proximal ureter or midureter is 
not recommended unless the tumor is too bulky or 
renal preservation is absolutely necessary. 

Minimally invasive techniques allow alternative 
treatment options for select patients. It offers rea- 
sonable strategy for patients with functional soli- 
tary kidney, bilateral upper tract UC, baseline renal 
insufficiency, and significant comorbid diseases. 


Open Radical Nephroureterectomy 


Radical nephroureterectomy with bladder cuff 
excision is considered the gold standard for treat- 
ing large, high-grade, and invasive upper urinary 
tract UC [55, 56, 86-89]. Open radical nephroure- 
terectomy can be approached with either a single 
incision or two separate incisions. When one 


incision is considered, a thoracoabdominal-type 
incision or long midline incision can be utilized. 
Thoracoabdominal incision is started at either the 
11th or 12th rib, and then the incision is extended 
towards the pelvis, either in midline or parame- 
dian. This extension will provide greater exposure 
of the distal ureter and bladder. The peritoneum 
may be entered during surgery to achieve better 
exposure. When the midline incision is used, 
exposing the retroperitoneum may be limited due 
to the bowel. However, with adequate retraction, 
the bowel can be safely packed away from the 
surgical field. When two separate incisions are 
utilized, a subcostal or flank incision is made to 
perform radical nephrectomy; then a Gibson, a 
low midline, or a Pfannenstiel incision can be 
made to complete the distal ureterectomy with 
bladder cuff excision. The urethral catheter is 
placed on the sterile field to manipulate the blad- 
der during surgery. 

The ipsilateral adrenal gland is usually spared 
because it provides no prognostic benefit when 
tumor is limited to the kidney. However, when 
local invasion is discovered, a proper extirpative 
oncologic principle should be practiced, and 
adrenalectomy should be performed. The nephre- 
ctomy specimen should incorporate Gerota’s fas- 
cia and perinephric fat. 

Distal ureterectomy with bladder cuff is per- 
formed and includes the entire ureter, the intra- 
mural ureter, and ureteral orifice. The specimen 
can be removed as “en bloc”; however, the kidney 
can be removed separately, as it can hinder expo- 
sure during surgery. When the specimen is 
removed separately, caution must be taken so that 
tumor spillage does not occur. UC has been well 
recognized for its ability to implant onto the non- 
urothelial surfaces, especially high-grade urothe- 
lial tumors [90]. A closed system is maintained by 
ties or clips before the ureter is divided. Oftentimes 
a surgical drain is then placed as well. 


Laparoscopic Radical 
Nephroureterectomy 


Laparoscopic radical nephroureterectomy can be 
performed transperitoneally or retroperitoneally. 
It can also be performed with hand-assisted 
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transperitoneal or retroperitoneal approaches. 
The choice of laparoscopic approach depends on 
a surgeon’s experience and comfort level. The 
retroperitoneal approach involves less bowel 
manipulation, but this approach limits operative 
space. The transperitoneal approach offers a 
larger working space for larger tumors. 

To position, the patient is placed slightly 
rotated at the hip and shoulder with a gel-roll sup- 
porting the patient’s back. The patient is secured 
to the table so that the patient can be rotated with 
table adjustments. The abdomen is insufflated 
with CO, to pressure of 15 mmHg after entry 
with a Veress needle technique or open technique 
[91]. After the abdomen is insufflated the remain- 
ing three or four trocars are placed under direct 
vision. An additional 3-mm trocar can be placed 
at the level of the xiphoid to retract the liver or 
spleen depending on the side of tumor. 

When the transperitoneal approach is per- 
formed, the peritoneum is incised along the white 
line of Toldt to the level of the iliac vessels from 
the hepatic flexure on the right side and splenic 
flexure on the left side. The colon is mobilized 
medially, thus exposing the retroperitoneum. A 
careful dissection should be performed to prevent 
duodenal injury in the case of a right-sided tumor 
and pancreatic injury in the case of a left-sided 
tumor. The gonadal vessels and ureter are 
identified. Just medial to the lower pole, a win- 
dow is created and dissection is carried posteri- 
orly, towards the psoas muscle. Leaving the psoas 
fascia intact, the plane is further extended poste- 
riorly in a superior and inferior direction, while 
keeping the lateral attachments of the kidney 
intact. This method serves to suspend the kidney, 
thus tenting the renal hilum. A combination of 
blunt and sharp dissection is performed towards 
the renal hilum. The artery and vein are dissected 
and separated, then ligated using a stapler or mul- 
tiple clips and then divided. It is essential to avoid 
having clips in between the stapling device 
because it can lead to catastrophic event by inad- 
equate stapling across the renal hilar vessels. The 
surgeon should confirm that there are no other 
accessory arteries before dividing the renal vein, 
since kidney is an end organ. The superior and 
lateral attachments of the kidney are then incised. 
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The ipsilateral adrenal gland should be removed 
when gross evidence of tumor extension from the 
kidney exists; however, in most cases the ipsilat- 
eral adrenal gland can be spared. Ureteral dissec- 
tion is continued caudally, towards the pelvis. 
Gonadal vessels are dissected and separated from 
the ureter. Ideally, the dissection should be per- 
formed to the lower level of the iliac vessels when 
considering an open bladder cuff excision, but if 
technically feasible, the dissection should con- 
tinue far distally as possible. When considering a 
laparoscopic approach to bladder cuff excision, 
the dissection must continue all the way towards 
the bladder. At any time, if there is any concern 
for invasive tumor, the surgical margin should 
include any abnormally appearing tissue. (Distal 
ureterectomy and bladder cuff excision will be 
discussed later in the chapter.) 


Distal Uretectomy with Bladder 
Cuff Excision 


Distal ureterectomy with bladder cuff excision 
can be performed either extravesical or transvesi- 
cal approach. The extravesical technique can be 
approached via either Gibson or low midline 
incision. Dissection is carried out extravesically 
with a gentle traction of the ureter towards the 
ureteral orifice. This traction will invert and 
expose the bladder mucosa along with the ureter, 
and the specimen is transected allowing adequate 
margin of the bladder mucosa. The hiatus is 
closed in two-layer closure as well with absorb- 
able sutures. Special attention should be given 
not to injure the contralateral ureter and to ensure 
complete dissection of the intramural portion of 
the ipsilateral ureter. 

Transvesical technique is usually performed 
with low midline incision. It requires creating an 
anterior cystotomy. The ipsilateral ureteral 
orifice is visualized and incised circumferen- 
tially along with approximately 1 cm of bladder 
mucosa. Dissection can be completed either 
intravesically and/or extravesically. After the 
excision of distal ureter, the ureteral hiatus and 
anterior cystotomy are closed in two layers with 
absorbable sutures. 
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The Foley catheter is usually left in place for 
proper drainage for 7-10 days. A pelvic drain is 
left in place as well. 


Transurethral Resection or Incision 
of Ureteral Orifice (Pluck) Technique 


Transurethral resection or incision can be per- 
formed to address the intramural ureter, ureteral 
orifice, and bladder cuff. For this technique, the 
patient is placed in a dorsal lithotomy position 
and a resectoscope is inserted into the bladder. 
First, the bladder is thoroughly inspected for 
tumor. Either with hook or loop electrode, the 
ipsilateral orifice is aggressively resected down 
to perivesical fat [92, 93]. After the intramural 
ureter is detached, a Foley catheter is inserted and 
the patient is repositioned for radical nephrec- 
tomy. After radical nephrectomy is completed, 
dissection of ipsilateral ureter is carried down 
distally, and the ureter is gently pulled for extrac- 
tion. A clear advantage is that a second incision 
or extending the incision is not necessary. 
However, a concern for tumor spillage causing 
tumor implantation to the nonurothelial surface 
exists that can predispose a patient to local tumor 
recurrence. When one adheres to proper surgical 
principles, the local recurrence is not significantly 
different from the standard open bladder cuff 
excision [92], and there is a low complication 
rate of 2.8% [94]. The ureteral hiatus can be 
either closed or left alone to heal with proper 
bladder drainage. 


Stripping Technique 


For the stripping technique, the ipsilateral ureter 
is cannulated with a ureteral catheter endoscopi- 
cally first, and then the nephrectomy is performed. 
The tip of the ureteral catheter is tied to the top of 
the ureteral stump. The ureteral catheter is pulled 
out transurethrally and the distal ureter is intus- 
suscepted. Endoscopic resection through the blad- 
der wall is performed around the everted ureteral 
orifice and the distal ureter is stripped and removed 
with a bladder cuff. Giovansili et al. [95] reported 


18.7% of failure rate in their series, requiring a 
Gibson incision. The reasons for failure were 
retained ureter and inadvertent ureteral transec- 
tion. However, Geavlete et al. [94] demonstrated a 
lower complication rate, 7.1%, in their series. 


Transvesical Laparoscopic Detachment 
and Ligation Technique 


This technique was described by Gill et al. [96], 
and it is performed before radical nephrectomy. 
Two 2-mm trocars are inserted suprapubically 
through the bladder. A loop ligature is placed 
around the ureter to maintain a closed system. A 
Collins knife is positioned cystoscopically and 
facilitates the dissection around the ureter. The 
ureter and bladder cuff are dissected and detached, 
mobilizing approximately 3 cm of the extravesi- 
cal ureter. 


Laparoscopic Ureterectomy 


Hattori et al. [97] developed a pure laparoscopic 
technique for distal ureterectomy with bladder 
cuff excision. The ipsilateral ureter is ligated dis- 
tally from the tumor. A stay suture is placed at the 
anterior bladder wall, and cystotomy is made. 
The ureteral orifice is visualized and confirmed. 
A circumferential incision is made around the 
ureteral orifice, and the distal ureter is mobilized 
and detached with bladder cuff. The cystotomy is 
closed with absorbable suture. All specimens in 
their series had negative surgical margins. Purse- 
string technique was described by Shoma et al., 
and it does not require an anterior cystotomy 
[98]. Intramural ureter is sharply dissected extra- 
vesically from the detrusor muscle of the bladder 
until the ureteral orifice is reached. Then, the 
detrusor muscle is dissected away from the blad- 
der mucosa for approximately 1 cm around the 
ureteral orifice. At this point, purse-string suture 
is placed at the edge of the bladder mucosa, and 
the bladder cuff is excised. 

Kurzer et al. [99] described a combination of 
hand-assisted with cystoscopic excision of the 
distal ureter. This technique involves early 
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ligation of the ureter, and utilizes simultaneous 
transurethral cystoscopic-guided excision of the 
intramural ureter along with bladder cuff. At 
completion, a gentle traction is placed on the ure- 
ter, extracting the distal ureter. The hiatus is left 
to heal by secondary intention with bladder drain- 
age. Their results demonstrated no pelvic recur- 
rence during follow-up. 


Robotic-Assisted Laparoscopic Distal 
Ureterectomy 


Distal ureterectomy has been performed with the 
assistance of the da Vinci® Surgical System 
(Intuitive Surgical, Sunnyvale, CA, USA) [100- 
102]. Nanigian et al. [102] described their initial 
series using the da Vinci surgical system with 
good success. Usually, radical nephrectomy is 
performed first in a flank position. Then the 
patient is repositioned in a low dorsal lithotomy 
position and the da Vinci system is docked. The 
bladder is clam-shelled in a coronal orientation at 
the dome, and the distal ureterectomy with blad- 
der cuff excision is performed [102]. Instead of 
creating an anterior cystotomy, Hu et al. [101] 
demonstrated an extravesical approach for distal 
ureterectomy with bladder cuff excision with the 
da Vinci surgical system. 


Segmental Ureterectomy 


Segmental ureterectomy is a possible therapeutic 
choice for noninvasive low-grade tumors of the 
proximal ureter or midureter that are too large for 
endoscopic ablation, or for high-grade invasive 
tumor that requires renal preservation [10]. 

Open ureterectomy can be approached by 
Gibson, Pfannenstiel, or flank incision depending 
on the location of tumor. Ipsilateral ureter is 
identified and mobilized. Vessel loops are secured 
proximally and distally from the tumor, and the 
ureter is ligated with a margin of 1-2 cm. Frozen 
sections of either ends of the ureter are analyzed 
for invasive tumor. Kidney and distal ureter are 
mobilized. Blood supply to the ureter is preserved 
by leaving adventitia on the ureter, which is 
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critical in preventing ischemic ureteral stricture. 
Proximal and distal ends of the ureter are spatu- 
lated. Tension-free anastomosis is performed with 
4-0 absorbable suture, and double-J ureteral stent 
is placed. A surgical drain is placed as well. 


Distal Ureterectomy with 
Ureteroneocystostomy 


Open distal ureterectomy with ureteroneocystos- 
tomy is indicated for a distal ureteral tumor. It is 
recommended for patients whose tumors could 
not be treated with endoscopic ablation or when 
renal preservation is a critical objective [1, 10, 
103, 104]. The patient is placed in a supine posi- 
tion and Foley catheter is placed on the sterile 
field. A low midline, Pfannenstiel, or Gibson 
incision can be utilized. The distal ureter is dis- 
sected, and the tumor is identified. A clip is 
placed proximal to the tumor to avoid tumor spill- 
age. Frozen-section of the proximal margin is 
sent for analysis. When a short segment of the 
ureter is excised, ureteroneocystostomy can be 
performed without manipulating the bladder. 
However, when a significant length of the ureter 
is removed due to the size of tumor, either psoas 
hitch and/or Boari flap should be utilized. 
Laparoscopic distal ureterectomy with ureter- 
oneocystostomy can be achieved for the same 
cohort of patients. In patients with normal con- 
tralateral kidney, laparoscopic distal ureterectomy 
with ureteroneocystostomy can still be recom- 
mended for patients with low-grade, unifocal 
tumor <2 cm without evidence of invasion [105]. 
Laparoscopic distal ureterectomy with uretero- 
neocystostomy has been demonstrated to be tech- 
nically feasible with encouraging outcomes for 
low-grade distal ureteral tumors [105—108]. 


Anatomic Distribution of Lymphatic 
Drainage 


Tumors of the renal pelvis and proximal ureter 
drain into the retroperitoneal lymph nodes and 
extend further caudally to the external iliac lymph 
nodes. Tumors of the midureter can involve both 
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the retroperitoneal and pelvic lymph nodes [17]. 
Tumors of the distal ureter drain predominantly 
into the pelvic lymph nodes that include external 
iliac, obturator, and hypogastric regions. 

Based on the lymphatic drainage, anatomic 
boundaries can be offered. Left-sided renal pel- 
vic, upper, or midureteral tumors should, at mini- 
mum, encompass the paraaortic, preaortic, and 
interaortocaval nodes from the renal hilum to aor- 
tic bifurcation [109]. Right-sided renal pelvic, 
upper, or midureteral tumors should include the 
paracaval, precaval, and interaortocaval nodes 
from the renal hilum to aortic bifurcation. The 
mid- or distal ureteral tumors, ipsilateral common 
iliac, external iliac, obturator, and hypogastric 
lymphadenectomy should be performed [109]. 


Patient Selection for 
Lymphadenectomy 


Lower staged tumors are usually present in the 
distal ureter compared to midureter, proximal ure- 
ter, and renal pelvis [109]. This observation can be 
explained by (1) the tumors in the proximal ureter 
are less likely to cause symptoms compared to 
distal ureteral tumors due to greater distensibility 
of the proximal ureter [109], and (2) the distal ure- 
ter consists of three layers of muscle in compari- 
son to the proximal ureter, which has two layers of 
muscle [110]. Therefore, the proximal ureteral 
tumors many times present at a more advanced 
stage than tumors in the distal ureter. Kondo et al. 
[111] reported 10% of their study cohort had posi- 
tive lymph node from distal ureteral tumor, and 
over 40% of their study cohort had positive lymph 
node from proximal ureteral tumor. 

The incidence of nodal disease is associated 
with primary tumor stage. The lower stage tumors 
rarely have nodal metastases, and lymphadenec- 
tomy may be excluded <T1 [111]. However, pre- 
operative staging has limitations that would 
preclude accurate pathologic staging; conse- 
quently, Kundu et al. [109] recommend that all 
patients should undergo regional lymphadenec- 
tomy, since muscle invasion or advanced disease 
cannot be excluded during nephroureterectomy. 


Lymphadenectomy 


The role of lymphadenectomy for upper urinary 
tract transitional cell carcinoma (TCC) is not well 
defined owing to infrequent disease and variable 
lymph node dissection templates [109]. The benefit 
of lymph node dissection is extrapolated from 
bladder cancer data that when extended pelvic 
lymph node dissection is performed in conjunction 
with radical cystectomy, metastatic bladder cancer 
can be cured in up to 25% of patients [112, 113]. 
Recent studies suggest that lymphadenectomy at 
radical nephroureterectomy provides survival 
benefits in locally advanced upper urinary tract 
TCC, although the studies comprise small cohorts 
[45, 111, 114]. To date, there is no large study that 
definitively demonstrates survival benefit from 
performing lymphadenectomy at the time of radi- 
cal nephroureterectomy. The challenges to prove 
this important issue are due to: (1) no standardiza- 
tion of whether to perform or not to perform a 
lymph node dissection, (2) various lymph node 
templates, (3) removal oftentimes of only suspi- 
cious nodes, and (4) often lack of therapeutic intent 
of the lymphadenectomy [109]. It is also com- 
pounded by 50% of patients having bladder cancer 
[115], so mortality rates are influenced by these 
patients. 

Roscigno et al. [116] utilized data from a mul- 
ticenter cohort and retrospectively evaluated the 
impact of lymphadenectomy for upper urinary 
tract UC. Their aim was to determine nodal status 
impact on cancer-specific survival. Interestingly, 
they found that in patients with positive nodal 
disease, there was no association between the 
number of lymph nodes removed and survival 
outcome. However, the lymph node density 
seemed to affect cancer-specific survival [117]. 

Some argue that there is a clear advantage in 
performing lymphadenectomy at the time of radi- 
cal nephroureterectomy since risk stratification 
can be accomplished by complete staging of 
upper urinary tract urothelial 
Lymphadenectomy seems more crucial in patients 
with pT2—4 disease because lymphatic dissemi- 
nation is more common than T1 disease [116]. 
However, it is very difficult to determine muscle 


carcinoma. 
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invasion at the time of radical nephroureterec- 
tomy. Survival benefit of lymphadenectomy is 
controversial, and further studies are necessary to 
support cancer-specific survival. Nevertheless, 
the extent of lymphadenectomy will provide 
proper staging of disease and identify patients 
who may benefit from adjuvant chemotherapy. 


Endoscopic Management 


Endoscopic (percutaneous or _ ureteroscopic) 
approaches have been attempted in patients that 
need renal preservation since the 1980s [118- 
120]. Tremendous advances in technology have 
made endourologic management of the upper uri- 
nary tract UC possible. For instance, modern ure- 
teroscopes utilize fiberoptic technology that 
enhances visualization. Smaller caliber uretero- 
scopes make it safer. Modern flexible uretero- 
scopes provide a greater ability of deflection to 
navigate throughout the collecting system safely 
and to ablate tumor effectively [121-123]. 
Endourologic management for upper urinary 
tract UC has made significant strides as a reason- 
able treatment option with minimal compromise 
in survival for select patients [124-128]. 


Patient Selection 


Nephron-sparing surgery for the upper urinary tract 
UC has emerged from the need to treat patients who 
would otherwise be anephric and require dialysis 
after nephroureterectomy. This includes patients 
with (1) an anatomical or functional solitary kidney, 
(2) renal insufficiency, or (3) bilateral upper urinary 
tract UC. Moreover, in patients with multiple 
comorbidities who would not be able to tolerate 
radical extirpative surgery, endoscopic manage- 
ment serves as a feasible alternative option. 


Ureteroscopic Versus Percutaneous 
Management 


Ureteroscopic treatment is a safe option for treat- 
ing upper urinary tract UC, especially since a 
closed system is maintained. Patients with small 
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tumors that are easily accessed by a retrograde 
approach are ideal candidates for ureteroscopic 
treatment. Complication rates are low, and it is 
well tolerated by patients. 

However, there are limitations to the uretero- 
scopic approach. For instance, a large tumor or 
tumor located in the lower pole calyx is often 
difficult to treat ureteroscopically. The lower pole 
calyx is difficult to access with a flexible uretero- 
scope when a laser fiber or bugbee electrode is 
passed through the working port because it affects 
the flexible scope’s ability to deflect the tip. 
Irrigation through the flexible ureteroscope 
becomes limited as well when a laser fiber or 
bugbee electrode is placed through the working 
port, and even slight bleeding can obscure visual- 
ization. Unfortunately, these limitations can 
significantly hinder treatment. Moreover, patients 
who have undergone radical cystectomy with uri- 
nary diversion are difficult to access ureteroscop- 
ically in a retrograde approach owing to difficulty 
locating and then cannulating the ureteroenteric 
anastomosis; thus, often these patients require 
percutaneous access. 

However, even well tolerated by patients, the 
percutaneous approach tends to have a more 
significant complication profile. A benefit of the 
percutaneous approach is that it allows larger 
scopes, such as nephroscope and/or resectoscope, 
into the upper urinary tract. Larger scopes provide 
better irrigation capability and allow superior visu- 
alization. The working ports allow larger instru- 
ments to pass, thereby providing superior tissue 
sampling, and hence improved staging of upper 
urinary tract UC. At completion of a percutaneous 
treatment, a percutaneous tube is usually left in 
place for hemostasis and maximal drainage. Later, 
it can be used to instill Bacillus Calmette Guerin 
(BCG) or to perform subsequent reexaminations. 
The percutaneous approach is necessary in a cer- 
tain cohort of patients when limitations of uretero- 
scopic approach prevent adequate endoscopic 
management of upper urinary tract UC [129, 130]. 


Percutaneous Puncture Selection 


Principles of obtaining access for percutaneous 
nephrolithotomy are applied for percutaneous 
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treatment of upper urinary tract UC. As the 
puncture site moves more medial, the risk of 
injury to the renal vessels increases and direct 
puncture into the renal pelvis may occur. Direct 
puncture into the renal pelvis should be avoided 
since the posterior branch of the renal artery is in 
proximity and can cause significant bleeding. In 
addition, the renal pelvis does not provide stabil- 
ity for the access sheath since there is no paren- 
chymal support, and a large laceration may occur 
when manipulating the scope during resection. 

Location of percutaneous access should be 
dictated by the location of the tumor. Tumors 
located in the peripheral calyces are best 
approached by placing the access in direct line 
with the tumor and not directly on the tumor 
[131]. Tumors located in the proximal ureter or 
renal pelvis may be approached either from the 
middle calyx or from the upper calyx to access 
the ureteropelvic junction in a straight path. As 
with stone disease, more than one access may be 
required when tumors are located in different 
calyces. 


Techniques of Resection 


There are different methods to achieve tumor 
ablation. Tumors can be resected with monopolar 
or bipolar loop electrode or they can be ablated 
with lasers, neodymium (Nd):YAG and/or hol- 
mium (Ho): YAG. When a percutaneous approach 
is utilized, a large access sheath allows the resec- 
toscope with a cutting loop to be introduced into 
the collecting system. With the standard monop- 
olar or bipolar cutting loop, tumor is electrosurgi- 
cally resected to the base, and the specimen is 
extracted. Hemostasis is easily accomplished at 
the base of the resection by electrocautery. In 
addition to resection, electrovaporization can be 
accomplished at 200 W pure cutting current using 
the monopolar device [132]. Increasing the cur- 
rent creates immediate cell death by direct vapor- 
ization and the underlying tissue is desiccated 
and coagulated [133]. Alternatively, the bipolar 
device has been utilized for tumor resection since 
it minimizes the change in serum sodium and 
other electrolyte abnormalities due to its use of 


normal saline [134, 135]. With the loop electrode, 
deep tissue sampling is possible and better tumor 
staging can be achieved [136]. 

Tumor ablation can also be accomplished with 
laser energy. The neodymium (Nd): YAG and hol- 
mium (Ho):YAG are two well-established laser 
systems in urology. The induced effects on soft 
tissue vary among coagulation, vaporization, and 
incision depending on contact versus noncontact 
mode. Both of the lasers on contact mode have 
the capability to vaporize and incise tissue. 

The Nd:YAG laser has been used widely for 
bladder tumors and upper urinary tract TCC. The 
Nd:YAG laser fiber is placed in close approxima- 
tion to tissue, but not in contact, and the laser is 
activated at around 20-30 W to coagulate the tis- 
sue [120]. The distal fiber tip should be directed 
tangentially in noncontact mode until tissue 
coagulates. This laser penetrates approximately 
5-6 mm in depth of tissue, so that the bulky 
tumors are ablated much more efficiently. Hence, 
Nd:YAG laser should never be used circumferen- 
tially in the ureter, as it may cause ureteral stric- 
ture [137]. As the tissue coagulates, the coagulated 
portion of the tumor is removed with forceps, 
which then exposes a deeper portion of the tumor 
that requires further coagulation. The coagula- 
tion and ablation are repeated until the base of the 
tumor is exposed. 

On the other hand, Ho:YAG laser must be in 
contact with the tumor to coagulate, vaporize, 
and incise tissue. It has a penetrating depth of 
0.5 mm of tissue. The shallow depth of penetra- 
tion allows for the tissue ablation to be focused 
and treat lesions that are circumferential. 
However, it will not coagulate large vessels [138, 
139]. Thermal energy that is generated by 
Ho:YAG laser is highly absorbed by water so that 
the heat disperses very rapidly. This physical 
property results in minimal thermal damage to 
the surrounding tissues [140]. However, one of 
the drawbacks of Ho:YAG laser is that tumor 
adheres to the tip of the fiber during ablation, and 
this often decreases visualization and ablation 
capacity. This can be minimized by cleaning the 
fiber tip, but the cleaning process adds to opera- 
tive time. A gentle flow of irrigation is used to 
clear tumor debris during the ablative treatment. 
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Combination of the two lasers can be used 
during one procedure. The Nd:YAG laser can 
coagulate majority of the volume of a large tumor, 
and then the Ho:YAG laser can be employed to 
ablated remaining tumor tissue [141]. Particular 
attention should be given to make sure that fiber 
tip is visible in front of the scope at all times. 


BCG Therapy 


A mainstay of intravesical treatment for superficial 
bladder cancer has been the use of BCG [142, 
143]. In addition, there are other intravesical che- 
motherapeutic agents that have been studied and 
used to treat superficial bladder cancer, but the 
results have been variable depending on the agent 
used. To replicate the superficial bladder tumor 
data with intravesical BCG therapy, the use of 
intracavitary BCG for upper urinary tract UC was 
first described by Herr in 1985 [112, 144]. 

Safety of administration of BCG into the upper 
urinary tract have been well established [145]. 
Notwithstanding this fact, some have expressed 
concerns about systemic BCG infection during 
infusion. Patients usually present with high 
fevers, rigor, and malaise. Fortunately, most of 
the fevers are caused by urinary tract infection 
and not systemic BCG infection [146]. However, 
since BCG sepsis can lead to devastating seque- 
lae, there is an absolute need to monitor patients 
very closely when they present with high fever 
after receiving intracavitary BCG. 

To decrease the risk of systemic BCG infec- 
tion, the percutaneous tract with a nephrostomy 
tube is allowed to mature for 1-2 weeks after 
resection before BCG is instilled [147, 148]. 
Typically, patients will have a negative urine cul- 
ture from the percutaneous nephrostomy tube 
and receive antibiotics prior to BCG instillation. 
To ensure safety of instillation of BCG, normal 
saline is infused initially via a percutaneous 
nephrostomy tube. Infusion is started at a very 
slow rate, and gradually increased to a rate of 
approximately 50 mL/h. Normal saline is contin- 
ued for another hour, monitoring the intrapelvic 
pressure to maintain pressure of less than 25 cm 
H,O. At that point, the BCG is instilled by gravity 
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via percutaneous nephrostomy tube. Instillation 
should be stopped if the intrapelvic pressure 
increases to greater than 25 cm H,O or the patient 
complains of fever or pain. It is important to 
monitor intrapelvic pressure because high pres- 
sure can lead to pyelovenous backflow of BCG, 
which can increase the risk of BCG sepsis. BCG 
is instilled once a week for 6 weeks. When index 
of suspicion is high after BCG instillation, 
another nephroscopy can be considered after 2 
weeks of completion. 

Another method of instilling BCG is a retro- 
grade approach. A straight ureteral catheter is 
placed into the renal pelvic endoscopically and 
BCG is instilled into the renal pelvis. Usually, 
patients are admitted for observation because 
instrumentation of ureter can cause obstruction 
from edema, and sepsis can ensue. Alternatively, 
refluxing double-J stent may be placed endoscop- 
ically, and intravesical BCG is then instilled, 
allowing intravesical BCG to reflux up into the 
renal pelvis. The amount of intravesical fluid 
needed to induce reflux ranges from 80 to 250 mL 
(median of 120 mL) [149]. Cystography should 
be performed to confirm reflux since double-J 
stentdoes not guarantee reflux [150]. Alternatively, 
ureteral meatotomy can be performed to cause 
vesicoureteral reflux. After the double-J stent is 
removed, reflux is confirmed with cystography 
and volume necessary to cause reflux is recorded. 
Appropriate volume of BCG can be administered 
intravesically [151]. 

Efficacy data of BCG treatment for the upper 
urinary tract has been mixed, but most of the data 
show questionable benefit from adjuvant BCG 
therapy [131, 152]. Hayashida et al. demonstrated 
a 50% recurrence rate, and showed a 100% mor- 
tality rate for patients who recurred [153]. 
However, Okubo et al. [154] found some long- 
term benefit with tumor free survival at a median 
follow-up of 46 months. 

Instillation of BCG does not seem to prevent 
recurrence or progression of the high-grade upper 
urinary tract UC. However, it may help patients 
with low grade and stage tumor avoid dialysis 
and maintain quality of life [155]. One of the 
major issues with BCG instillation is that it may 
allow advanced and/or high-grade tumors to 
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progress while the patient is receiving six cycles 
of BCG therapy. Therefore, some advocate CT 
scans to monitor lymph nodes or metastatic sta- 
tus during the cycle. 

Other adjuvant agents that have been studied 
include mitomycin C and thiotepa. Keeley and 
Bagley instilled mitomycin C after ureteroscopic 
treatment on 19 patients, with 11 of 19 patients 
tumor-free during their follow-up [156]. Thiotepa 
had been studied with a poor response rate. 
Martinez-Pineiro et al. demonstrated a lower 
recurrence rate for BCG and mitomycin C when 
compared to thiotepa [125]. 

Currently, there is no set standard or protocol 
of adjuvant therapy for upper urinary tract UC. 
Statistically significant survival benefit has not 
been demonstrated from a number of studies with 
small numbers and short follow-up periods. A 
randomized trial to study efficacy of the adjuvant 
therapy of the upper urinary tract UC is necessary 
but will be difficult to achieve. 
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Introduction 


In the bladder, the vast majority of patients with 
urothelial carcinoma (UCC) initially present with 
superficial disease at diagnosis, although approx- 
imately one-third will have muscle-invasive dis- 
ease. Of these, greater than 60% will eventually 
develop metastatic disease. In 2009, the American 
Cancer Society estimated that more than 14,000 
patients in the USA died as a result of metastatic 
bladder cancer [1]. Worldwide, surgery and radi- 
ation therapy (RT) are considered standard of 
care for patients with muscle-invasive disease 
[2,3]. Despite the lack of prospective randomized 
data comparing surgery to RT in muscle-invasive 
disease, radical cystectomy, with an extended 
lymph node dissection and urinary diversion, 
represents a standard approach at many academic 
centers in North America. Survival after radical 
cystectomy is a function of pathologic stage, 
with several series indicating that patients with 
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pT4 lesions (tumor-penetrating adjacent struc- 
tures) have a long-term survival rate of 33% 
compared with 72% for patients with pT2 lesions 
(tumor invading either the superficial muscularis 
propria pT2a or the deep muscularis propria 
pT2b) [4—8]. Similarly, lymph-node involvement 
at the time of surgery remains a strong predictor 
of both local and systemic relapses. The 5-year 
median overall survival after radical cystectomy 
for patients with lymph node positive disease is 
less than 30% [7,9]. 

The high risk for recurrence and death with 
cystectomy alone (Table 15.1) and the 
identification of chemotherapeutic agents with 
activity in advanced urothelial cancer have served 
as the rationale to evaluate cisplatin-based che- 
motherapy in the perioperative setting (neoadju- 
vant and adjuvant) in patients with locally 
advanced disease in an attempt to minimize risk 
of recurrence and maximize survival [10,11]. 


Neoadjuvant Chemotherapy 


Despite “curative-intent” local therapy, a rela- 
tively high percentage of patients with muscle- 
invasive disease manifest systemic progression. 
The potential utility of perioperative chemother- 
apy is to impact micrometastatic disease. 
Neoadjuvant chemotherapy has several potential 
advantages. It has the ability to deliver full-dose 
effective systemic therapy while the burden of 
micrometastatic disease is minimal and when the 
patient’s performance status is optimal [12]. 
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Table 15.1 Pathologic stage and estimated 5-year overall 
survival with radical cystectomy [4-8] 


Estimated 5-year overall 


Pathological stage survival (%) 


pTl >80 
pT2a/b 72 
pT3a 55 
pT3b 35 
pT4 30 
Any pT/N* <30 


Patients with UCC often have multiple comor- 
bidities; cisplatin-based chemotherapy can lead 
to moderate toxicities and recovery after surgery 
may take longer than expected. Neoadjuvant 
treatment has also the potential of producing a 
pathological complete response (pCR) in the pri- 
mary tumor that has been correlated with disease- 
free survival and also permits in vivo drug 
sensitivity testing providing useful information 
for subsequent therapy [13,14]. 

A potential disadvantage of the neoadjuvant 
approach is the discrepancy between initial clini- 
cal and actual pathologic staging. This may cause 
over-treatment (obviated in the adjuvant setting) 
and provides the patient with insufficient infor- 
mation in terms of prognosis due to incomplete 
staging. It may also delay the definitive treatment 
of radical cystectomy by a few months that may 
be detrimental, especially if the disease is found 
to be nonresponsive to chemotherapy or if patients 
experience significant treatment-related adverse 
events. Lastly, there is the fear of increase periop- 
erative morbidity after chemotherapy. However, 
there is little evidence to support this as the inci- 
dence of surgical complications in patients treated 
with neoadjuvant chemotherapy appears to be 
similar to that of patients who were treated with 
cystectomy alone [15,16]. Several phase II stud- 
ies conducted during the past two decades dem- 
onstrate the feasibility of this approach and 
provide evidence of antitumor activity with an 
acceptable toxicity. 

Numerous prospective neoadjuvant studies 
have evaluated the efficacy and safety of cispla- 
tin-based chemotherapy (Table 15.2). Initial tri- 
als using single-agent cisplatin failed to 
demonstrate improvement of outcome [17,18]. 
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Similar studies evaluating the efficacy of neoad- 
juvant cisplatin-based combination regimens 
have also failed to show survival benefit. The 
Nordic Cooperative Bladder Cancer Study Group 
conducted two randomized studies. Nordic I ran- 
domized 311 patients with locally advanced blad- 
der cancer (T1 grade 3, T2-T4a) to neoadjuvant 
chemotherapy with two cycles of cisplatin and 
doxorubicin, or no chemotherapy followed by 
cystectomy and low-dose radiation therapy. 
Although the initial report suggested a modest 
improvement in the overall survival of patients 
receiving chemotherapy, this benefit disappeared 
after a long-term follow-up (59% vs. 51%; 
p=0.1) [19]. Of interest, however, was a subset 
of patients with T3—4 disease who appeared to 
have a greater benefit when compared to those 
with <T3 disease. A subsequent follow-up study, 
the Nordic Cystectomy I trial, studied 317 
patients with stages T2-T4a, NX, MO bladder 
cancer. Patients were randomly assigned to 
receive either three cycles of cisplatin and metho- 
trexate or no treatment prior to cystectomy and 
without the use of preoperative radiotherapy. 
Despite a statistically significant improvement in 
tumor downstaging (26.4% with chemotherapy 
vs. 11.5% in the controls, P=0.001) at 5 years 
there was no evident survival advantage [20]. 

Two additional negative reports were pub- 
lished by the Italian Bladder Tumor Study Group 
(GISTV). In the first trial, 153 patients were ran- 
domized to MVEC (methotrexate, vinblastine, 
epirubicin, and cisplatin) before cystectomy or 
cystectomy alone [21]. In the second, Bassi and 
associates randomly assigned 206 patients to 
receive either four cycles of neoadjuvant MVAC 
(methotrexate, vinblastine, doxorubicin, and 
cisplatin) followed by cystectomy or cystectomy 
alone [22]. 

In an effort to define the appropriate timing of 
chemotherapy (neoadjuvant vs. adjuvant), 
Millikan and colleagues investigated the activity 
of neoadjuvant and adjuvant MVAC (two cycles 
before, and two after radical cystectomy) vs. five 
cycles of MVAC given exclusively in the adju- 
vant setting [23]. After randomizing 140 patients 
with locally advanced disease, there were no 
significant differences in outcome. Complete 
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Table 15.2 Selected neoadjuvant trials 


Survival (%) 

Study N Treatment arms 5-year OS or (mOS) p-value 

Neoadjuvant 

Malmstrom nordic I [19] 325 Cis/Doxo > LDXRT/cystectomy 59 NS 
LDXRT/cystectomy alone 51 

Sherif nordic II [20] 317 Cis/MTX — Cystectomy 53 NS 
Cystectomy alone 46 

Cortesi [21] 171 MVEC —> Cystectomy 85 NS 

GISTV Cystectomy alone 74 

Bassi [22] 206 MVAC —> Cystectomy 55 NS 
Cystectomy alone 53 

Abol-Enein [24] 196 Carbo-MV — Cystectomy 59 P=0.044 
Cystectomy alone 41 

Hall [16] 976 3xCMV — Cystectomy or XRT 55 P=0.075 

MRC/EORTC Cystectomy or XRT alone 50 

Grossman [15] 307 3xM VAC — Cystectomy 57 P=0.06 

SWOG-8710 Cystectomy alone 43 


Cis/Doxo cisplatin plus doxorubicin, LDXRT low-dose radiation therapy, Cis/MTX cisplatin plus methotrexate, 


Carbo carboplatin 


pathologic responses (pTO) occurred in 40% of 
patients receiving two cycles of neoadjuvant 
MVAC. Toxicity was a major concern in this 
study, with six treatment-related deaths in each 
treatment group. At a median follow-up of 6.8 
years there was no difference in disease-free sur- 
vival between the treated groups. 

To date, only three contemporary series have 
demonstrated a survival advantage for patients 
receiving neoadjuvant chemotherapy prior to 
local definitive therapy. A relatively small study 
randomly assigned 196 patients to receive neoad- 
juvant chemotherapy with two cycles of CMV 
(cisplatin, methotrexate, and vinblastine) fol- 
lowed by cystectomy or cystectomy alone. The 
preliminary analysis of this trial suggested an 
improvement in the 5-year disease-free survival 
in favor of chemotherapy (62% survived with 
chemotherapy vs. 42% without, P=0.013) [24]. 
The largest neoadjuvant chemotherapy trial was 
conducted by the Medical Research Council 
(MRC) and the European Organization for 
Research and Treatment of Cancer (EORTC) 
[25]. More than 970 patients with T2-T4a/ 
NO-NX/MO bladder cancer were enrolled over 
11 years at 126 institutions, making the trial vul- 
nerable to differences in clinical practice between 


institutions and across treatment eras. The trial 
was designed to detect a difference in survival of 
10% or more at 3 years in favor of cisplatin-based 
chemotherapy. Patients were randomly assigned 
to receive either three cycles of neoadjuvant che- 
motherapy with CMV (n=491) or no chemother- 
apy (n=485) before definitive local therapy. 
Definitive local therapy was selected on the basis 
of institutional preference and included radical 
cystectomy, external beam radiotherapy, or 
preoperative radiation followed by cystectomy. 
A total of 484 patients underwent cystectomy, 
414 received external beam radiotherapy, and 77 
patients were treated with combined modality 
therapy. At the time of the initial report, the 
median follow-up was 4 years, and by then 485 
of the patients had died, the majority (78.6%) 
from carcinomas secondary to the original transi- 
tional cell carcinoma. Mortality from chemother- 
apy and surgery was 1% and 3.7%, respectively. 
Neoadjuvant chemotherapy was associated with 
a higher rate of pCR in primary tumors (32.5% 
with chemotherapy vs. 12.3% no chemotherapy). 
The hazard ratio (HR) analysis demonstrated a 
15% reduction in the risk of death with the che- 
motherapy regimen, equating to an absolute 
3-year survival difference of 5.5% (95% CI -0.5 
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to 11.0) P=0.075. At a median of 3 years, 55.5% 
of patients receiving chemotherapy were alive 
compared with 50% who underwent local therapy 
alone. At a subsequent follow-up the favorable 
impact of neoadjuvant chemotherapy on survival 
was maintained over a median follow-up of 7 
years. The overall survival rates at 5 years were 
50% with chemotherapy and 44% without, and at 
8 years, 43% with chemotherapy and 37% with- 
out, respectively [16]. Although significant, the 
OS improvement observed in the study did not 
meet the prespecified statistical analysis for the 
study and thus caution should be used when inter- 
preting these data. 

The US Intergroup study led by investigators 
in the South West Oncology Group (INT-0080- 
SWOG 8710) evaluated the role of neoadjuvant 
MVAC plus cystectomy compared with cystec- 
tomy alone [15]. Over an 1 1-year period only 307 
patients with T2—T4a/NO/M0 participated in this 
multi-institutional trial. All patients were stratified 
by known prognostic factors such as age and 
clinical and tumor stage. With a median follow- 
up of 8.4 years, the risk of death was 33% greater 
for those patients in the cystectomy-alone arm. 
One hundred seventeen patients survived with 90 
deaths with the chemotherapy regimen, and 100 
deaths in the surgery-alone group. An intention- 
to-treat analysis demonstrated a median survival 
of 46 months in the surgery-alone group (95% 
CI: 25-60 months) compared with 77 months 
(95% CI: 55-104 months) for the MVAC-treated 
patients. Overall survival between the groups was 
significantly different when a one-sided t-test 
was used, but this difference was lost with a two- 
sided t-test (p =0.06). In addition to the improve- 
ment in survival, the ability of achieving a pCR 
was observed in 48 (38%) patients from the cys- 
tectomy group. By contrast, only 18 (15%) of 
patients in the surgery-alone group were patho- 
logically free of disease at the time of cystectomy. 
More than 85% of patients who achieved a patho- 
logical CR were alive at 5 years. Although Grade 
3 and 4 toxicity was also common (primarily 
hematologic and gastrointestinal toxicities), no 
deaths were attributed to chemotherapy and there 
appeared to be no increase in rates of postopera- 
tive complications. 
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Interpretation of the results of neoadjuvant 
studies has been somewhat problematic because 
of the lack of power and statistical significance 
observed. Therefore, two large meta-analyses of 
all known randomized controlled trials of neoad- 
juvant chemotherapy conducted between 1984 
and 2002 were performed. One study included 11 
trials with more than 2,600 patients with high- 
risk bladder cancer, and the observed pooled HR 
for overall survival was 0.90 (95% CI 0.82-0.99, 
p=0.02). Similarly, the HR for patients receiving 
only cisplatin-based combinations (8/11 trials) 
was 0.87 (95% CI 0.78-0.96, p=0.006), consis- 
tent with an absolute overall survival benefit of 
6.5% (95% CI 2-11%) from 50 to 56.5%. This 
survival benefit was observed irrespective of the 
type of definitive local treatment administered; 
however, a pCR was associated with a better out- 
come [26,27]. 

Correspondingly, the Advanced Bladder 
Cancer group conducted a meta-analysis of the 
existing neoadjuvant literature [28,29]. Eleven 
randomized controlled trials enrolling 3,005 
patients with muscle-invasive (T2—T4a) disease 
were included in the meta-analysis. Trials 
employed either cystectomy or radiotherapy as 
the local definitive therapy, and overall survival 
from randomization until death was the primary 
endpoint. Cisplatin-based chemotherapy demon- 
strated a significant overall survival benefit 
(HR =0.86, 95% CI 0.77-0.95, p=0.003), equiv- 
alent to a 5% absolute improvement in survival at 
5 years. Similarly, a 9% absolute improvement in 
the 5-year disease-free survival benefit was 
observed in those receiving neoadjuvant chemo- 
therapy (HR =0.78 95% C10.7 10.86, p<0.0001). 
These analyses must be tempered by the inclu- 
sion criteria of each trial, as the vast majority of 
patients were under 75 years old, less than 5% of 
patients had an Eastern Cooperative Oncology 
Group (ECOG) performance status of 2 or greater, 
and only 3% of patients had glomerular filtration 
rates less than 59 mL/min. 

The use of neoadjuvant cisplatin-based che- 
motherapy in those patients with concomitant 
renal insufficiency represents a significant thera- 
peutic dilemma. Renal impairment in patients 
with UCC is often the result of disease-related 
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Table 15.3 Selected adjuvant trials 


Study N Treatment arms 
Adjuvant 


Skinner [37] 91 


Cystectomy 
Stéckle [38] 49 


Lehmann [36] Cystectomy 

Studer [39] 77 Cystectomy — cisplatin 
Cystectomy 

Freiha [35] 55 Cystectomy — cisplatin 
Cystectomy 


extrinsic obstruction. Schultz et al. and others 
have documented that ureteral obstruction is a 
poor prognostic factor in patients undergoing sur- 
gery, radiotherapy, or neoadjuvant chemotherapy 
for invasive bladder cancer [30,31]. Similarly, 
various small case series suggest that 16-54% of 
patients with muscle-invasive bladder cancer 
have some degree of ureteral obstruction [32,33]. 
Whether or not carboplatin can be substituted for 
cisplatin without compromising efficacy remains 
unclear. Despite the lack of data evaluating car- 
boplatin in the neoadjuvant setting, it is clear 
from the advanced setting that carboplatin is an 
inferior agent to cisplatin in urothelial malignan- 
cies, and the substitution of carboplatin for cis- 
platin cannot be recommended for patients able 
to tolerate cisplatin-based therapy. 

Despite the heterogeneous admixture of trials 
varying in chemotherapy agents and type of local 
definitive treatment, neoadjuvant chemotherapy 
should be considered a standard of care. 


Adjuvant Chemotherapy 


While there is level 1 evidence demonstrating a 
survival benefit in patients receiving neoadjuvant 
chemotherapy for locally advanced bladder can- 
cer, the role of adjuvant chemotherapy is far less 
clear. Proposed advantages to adjuvant chemo- 
therapy compared with neoadjuvant therapy 
include the ability to obtain proper pathological 
staging, avoiding delays for definitive local 


Cystectomy — Cisplatin/ 
doxorubicin/cyclophosphamide 


Cystectomy — MVAC or MVEC 


Survival 

5-year OS or (mOS) p-value 
4.25 year 0.099 
2.41 year 

52 months 0.069 
20.4 months 

57% 0.65 
54% 

63 months 0.32 
36 months 


therapy with surgery, and minimizing tumor bur- 
den prior to chemotherapy [34]. There is a con- 
cern that the time necessary to give neoadjuvant 
chemotherapy will unnecessarily delay cystec- 
tomy or that these patients will develop toxicities 
from the chemotherapy, which will prevent cys- 
tectomy due to changes in performance status. 
Potential disadvantages of adjuvant chemother- 
apy compared with neoadjuvant therapy include 
a delay or inability to receive perioperative che- 
motherapy due to postoperative complications, 
an inability to assess tumor response, and an 
increase in morbidity from the chemotherapy. 
Most of these concerns are not supported by the 
data from the neoadjuvant and adjuvant trials. 

A number of small randomized trials have 
attempted to establish a role for adjuvant chemo- 
therapy in patients with muscle-invasive bladder 
cancer (Table 15.3) [35-39]. The existing trials, 
however, have significant methodological limita- 
tions to their interpretation, and thus benefit of 
adjuvant chemotherapy in these patients remains 
unclear. In one of the initial randomized trials, 91 
patients with pT3 or pT4 bladder cancer with or 
without nodal disease and without metastatic dis- 
ease were randomized to cystectomy followed by 
observation or four cycles of chemotherapy with 
cisplatin, doxorubicin, and cyclophosphamide 
[37]. While this trial demonstrated an increase in 
time to progression for patients receiving chemo- 
therapy, there was no significant difference in 
3-year overall survival. This trial was powered 
for 75 patients per treatment arm, but randomized 
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47 patients to observation and 44 patients to che- 
motherapy. Of these 44 patients assigned to che- 
motherapy, only 39% received the planned four 
courses of cisplatin, doxorubicin, and cyclophos- 
phamide, with 25% electing to not get chemo- 
therapy and many patients receiving alternative 
chemotherapy agents, such as bleomycin, actino- 
mycin, or fluorouracil. 

In a second trial, 49 patients with pT3b, pT4a, 
and/or pN1 or pN2 disease were randomized to 
either observation (23 patients) or chemotherapy 
with three cycles of methotrexate, vinblastine, 
cisplatin, and doxorubicin (MVAC) or methotrex- 
ate, vinblastine, cisplatin, and epirubicin (MVEC) 
with relapse-free survival as the primary endpoint 
[38]. The trial was stopped early with an interim 
analysis prior to enrollment of the intended 100 
patients showing a significant difference in the 
number of patients with tumor progression in the 
control group (82%) compared with the chemo- 
therapy group (27%). As in the previous trial, 
only 16 of the 26 patients received the intended 
treatment with 10 patients receiving no chemo- 
therapy. While a subsequent report on the long- 
term survival of these patients showed a median 
overall survival of 35.1 months for patients receiv- 
ing chemotherapy compared with 20.4 months 
for patients in the control group (HR 1.75; 95% 
CI 0.95-3.23), it should be noted that the protocol 
for this trial did not require chemotherapy for 
patients in the control arm at the time of disease 
recurrence and only 44% of the patients in this 
group received further treatment [36]. 

Adjuvant therapy with single-agent cisplatin 
was studied in a trial of 80 patients with multifo- 
cal, recurrent pTl UCC or newly diagnosed or 
recurrent pT2 to pT4a UCC without preoperative 
evidence for N2 or N3 nodal disease or metasta- 
ses [39]. Following cystectomy, patients were 
randomized to 3- to 28-day cycles of cisplatin 
30 mg/m? daily for 3 days (37 patients) or an 
untreated control group. At an interim analysis 
with enrollment of 80 of the anticipated 120 
patients, the 5-year survival was 54% in the con- 
trol group and only 57% in patients receiving 
adjuvant cisplatin. The study was terminated 
early due to poor accrual and the inability to show 
a significant benefit for overall survival. 
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The benefit of adjuvant CMV was tested in a 
trial that randomized 55 patients with pT3b or 
pT4 transitional cell carcinoma with or without 
positive nodes and without evidence of metastatic 
disease to either four cycles of chemotherapy or 
observation with treatment with CMV at the time 
of recurrence [35]. At a follow-up of approxi- 
mately 5 years, there was a significant effect on 
disease progression with a median recurrence in 
37 months in patients receiving adjuvant CMV 
compared with 12 months in patients who did not 
receive adjuvant therapy (p=0.01). Unfortunately, 
a survival advantage for adjuvant therapy was not 
shown in this trial. This lack of survival benefit 
may be due to the use of chemotherapy at recur- 
rence, as suggested by the authors; however the 
study was underpowered to show a significant 
difference. The trial was powered to show a 30% 
difference in survival with enrollment of 40 
patients per arm; however, there were only 25 
evaluable patients in each arm of this trial. 

Despite the lack of any convincing data for the 
benefit of adjuvant chemotherapy following cys- 
tectomy in patients with urothelial cancer and the 
significant methodological flaws of these trials, 
the data from these trials were used in a meta- 
analysis of 491 individual patients enrolled in six 
randomized trials of local therapy followed by 
adjuvant chemotherapy compared with local 
therapy alone [28]. This analysis included the 
four trials described above, an unpublished trial 
of 108 patients receiving three cycles of CMEV, 
and an Italian trial of 93 patients receiving four 
cycles of cisplatin and methotrexate. While a 9% 
survival advantage at 3 years is reported, it is also 
reported that the 283 available events is far short 
of the 900 events that would be necessary to reli- 
ably detect this difference. The use of a meta- 
analysis also fails to address many of the concerns 
about the previous trials, such as the inconsistent 
use of chemotherapy in patients in the control 
groups at the time of relapse and the use of che- 
motherapy regimens that were not designated by 
the protocol. 

The failure of the initial clinical trials to show 
a survival benefit and the continued interest in 
defining the role of adjuvant chemotherapy as a 
method for delivering perioperative chemotherapy 
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have led to the development of additional trials 
with persistent problems with efficacy and accrual 
despite Cooperative group involvement. A multi- 
center Italian study of cystectomy followed by 
adjuvant cisplatin and gemcitabine or cisplatin 
and gemcitabine at recurrence was studied in 194 
patients with pT2 grade 3 or pT3-4, NO-2 patients 
[40]. At a median follow-up of 32 months, there 
was no difference in overall survival or disease- 
free survival and the study was closed due to poor 
accrual and lack of benefit. Other trial designs 
that have not recruited well are a protocol by the 
Spanish Oncology Genito-Urinary Group 
(SOGUG) randomizing patients to cystectomy 
followed by either four cycles of adjuvant pacli- 
taxel, cisplatin, and gemcitabine or the same regi- 
men at relapse and a European Organization for 
the Research and Treatment of Cancer (EORTC) 
trial that randomized patients to either adjuvant 
therapy with gemcitabine/cisplatin, MVAC, or 
high-dose MVAC or one of these regimens at the 
time of relapse [41,42]. 

Adjuvant chemotherapy following cystectomy 
cannot be recommended for most patients and is 
specifically discouraged by some guidelines, 
such as those recently updated by the European 
Association of Urology, but there are patients 
who may benefit from therapy [43]. For example, 
not all patients with known muscle-invasive blad- 
der cancer are evaluated by a medical oncologist 
prior to surgery and offered neoadjuvant chemo- 
therapy. Additionally, due to the difficulties with 
clinical staging, patients are found to have more 
extensive disease at the time of surgery. In a ret- 
rospective review of 778 patients with transitional 
cell cancer of the bladder who underwent cystec- 
tomy, 40% of patients with nonmuscle-invasive 
cancer by clinical stage had muscle invasion by 
pathological stage, and 36% of patients with clin- 
ically staged organ confinement were found to 
have pT3 disease or greater or nodal disease at 
surgery [44]. A previous series reported a similar 
discrepancy in clinical staging [45]. These 
patients who have more extensive disease at the 
time of surgery may benefit from perioperative 
chemotherapy, and adjuvant chemotherapy 
should be considered since they were unable to 
receive neoadjuvant chemotherapy. The lack of 


accrual to previous adjuvant trials and the 
comparative benefits of neoadjuvant therapy in 
the perioperative setting will make further trials 
of adjuvant chemotherapy in these patients even 
more difficult. An alternative to the previous trial 
designs is consideration of factors that increase 
the likelihood of benefit for adjuvant therapy with 
treatment decisions based on factors other than 
pathological stage. For example, data from 4,462 
patients who underwent a cystectomy for bladder 
cancer without perioperative chemotherapy were 
recently used to generate a nomogram based on 
multivariate analysis to determine factors associ- 
ated with a high risk of death from bladder cancer 
[46]. Theoretically, enrolling patients at higher 
risk for death from their bladder cancer into a 
clinical trial of adjuvant chemotherapy may 
increase the likelihood that they would benefit 
from therapy. A recent trial attempted to use p53 
mutation by immunohistochemistry, thought to 
be prognostic for disease recurrence, to decide 
which patients would receive three cycles of 
adjuvant MVAC [47]. With enrollment of 499 
patients assessed for p53 mutations, 114 were 
found to have the mutation and randomized. The 
trial was stopped at an interim safety analysis due 
to no difference in 5-year relapse-free survival- 
based p53 status, although 33% of the patients 
did not receive the three cycles of therapy and 
21% received no adjuvant therapy. The ability to 
use biomarkers to predict which patients are 
likely to benefit from adjuvant therapy remains 
unclear. Further trials will be necessary to deter- 
mine if some patients will benefit from the cur- 
rently available adjuvant chemotherapy regimens. 
Until then, adjuvant chemotherapy should only 
be given in the setting of a clinical trial or after 
very careful consideration of the benefits. 


Perioperative Chemotherapy for 
Renal Pelvis and Ureteral Cancers 


Upper tract cancers occur far less frequently than 
bladder cancers and represent about 5% of urothe- 
lial malignancies, with more than 90% showing 
urothelial histology. Although randomized trial 
evidence has demonstrated the potential survival 
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impact of neoadjuvant cisplatin-based chemo- 
therapy in muscle-invasive bladder cancer, 
whether such benefits can be extrapolated to the 
setting of upper tract tumors is and will remain 
unknown, given the relatively small numbers of 
these neoplasms. Although historically renal pel- 
vis urothelial lesions were felt to be inherently 
more aggressive than similar lesions in the blad- 
der, there is no evidence of any difference in the 
response of patients to systemic therapy and the 
majority of reported clinical trials of advanced 
urothelial cancer enrolled patients with meta- 
static UCC, including those of the renal pelvis, 
ureter, and urethra [48]. Despite the similar 
potential for systemic failure in patients with 
high-risk renal pelvis UCC, there are limited data 
regarding the utility of adjuvant chemotherapy in 
this setting. A small study conducted by the 
Hellenic Cooperative Oncology Group prospec- 
tively evaluated a cohort of 36 patients exclu- 
sively with locally advanced high-risk upper tract 
UCC who underwent surgery and subsequently 
received adjuvant paclitaxel and carboplatin. 
After a median follow-up of 40 months, the inves- 
tigators reported a 5-year disease-free survival of 
42% (95% confidence interval, 15.8—64.6%). The 
rates of local failure reported were in the range of 
30%, with 17% of patients developing distant 
metastatic disease [49]. Given the lack of data for 
non-cisplatin-based chemotherapy in the periop- 
erative setting, and the increased risk associated 
with the administration of cisplatin-based che- 
motherapy in patients with | renal unit, patients 
at high risk for disease recurrence should have a 
careful, risk/benefit discussion prior to routine 
administration of perioperative chemotherapy 
(Table 15.4). 


Conclusion 


Muscle-invasive UCC of the bladder is an aggres- 
sive epithelial neoplasm. Over the past three 
decades, surgical and radiotherapeutic techniques 
have been improved, resulting in decreased peri- 
operative and long-term morbidity. Despite these 
advances, systemic failure of patients undergo- 
ing definitive local therapy has remained rela- 
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Table 15.4 Chemotherapy regimens commonly used in 
the perioperative setting 


MVAC chemotherapy (1 cycle=28 days) 


Drug Dose (mg/m?) Schedule 
Methotrexate 30 Days 1, 15, 22 
Vinblastine 3 Days 1, 15, 22 
Doxorubicin 30 Day 2 
Cisplatin 70 Day 2 

GC chemotherapy 

(1 cycle=28 days) 

Drug Dose (mg/m?) Schedule 
Cisplatin 70 Day 1 
Gemcitabine 1,000 Days 1, 8, 15 


tively unchanged, thus reinforcing the need to 
develop more effective systemic therapies. 
Neoadjuvantly administered, cisplatin-based 
multi-agent chemotherapy has been demon- 
strated to improve survival modestly; however, 
relatively few patients in the USA receive ther- 
apy in this setting. 

Although immutable patient factors such as 
poor renal function or comorbidities make some 
patients poor candidates for neoadjuvant chemo- 
therapy, lack of understanding of the existing 
data or problematic patient coordination between 
urologists and medical oncologists also plays a 
role. While new and more effective systemic 
options are developed, maximizing the use of 
currently available therapeutic options can be and 
should be an area of emphasis for the urologic 
oncology community. 
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Urine Cytology 


Stephen S. Raab, Christine N. Booth, 
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and J. Stephen Jones 


Total Testing Process 


One way to conceptualize urine cytology testing 
is in terms of a total testing process (TTP), which 
is a system-based framework for examining all 
possible interactions and activities that may affect 
the quality of laboratory tests. The TTP encom- 
passes all components or steps of the cycle from 
the point of the clinical question to the point of 
clinical action. For a patient who has urinary tract 
findings suspicious for cancer (based on clinical 
history and examination, endoscopic findings, or 
diagnostic imaging), this cycle traverses from the 
clinical question of “Does this patient have can- 
cer of the urinary tract?” to the clinical action of 
cancer treatment and follow-up, if the diagnosis 
of cancer is rendered. This framework allows for 
the design and implementation of interventions 
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that may reduce or eliminate errors that adversely 
affect testing and patient health outcomes. In this 
regard, the TTP for urine cytology testing is 
defined by the activities (Fig. 16.1) in three dis- 
tinct phases that align with clinical workflow 
internal and external to the pathology laboratory: 
1. Pre-analytic phase: clinician test selection, 
test ordering, specimen procurement, patient 
and specimen identification, and specimen 
transport 
2. Analytic phase: specimen processing, prepa- 
ration, and cytopathologist interpretation 
3. Post-analytic phase: test results reporting and 
clinician receipt, clinician interpretation of 
test results, and clinical action based on 
interpretation 
The utility of the TTP concept lies in the link- 
ing together of all testing steps and the crossing of 
historical boundaries of testing process owner- 
ship. Currently, data on the performance and 
problems of some steps of the TTP for urine cytol- 
ogy are known, but are lacking for other steps. 


The Pre-analytic Phase 
Urine Cytology Test Ordering 


Urine cytology tests are ordered in the evaluation 

of three main patient populations: 

1. As a screening test in patients who have 
no signs or symptoms of cancer, but are at 
higher risk of developing or having a urothe- 
lial malignancy 
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Fig. 16.1 The total testing process. The total testing pro- 
cess (TTP) begins with a clinical question and the care 
provider and patient. Each larger step in the process is 
composed of many smaller steps and laboratory medicine 
is the sum total of all the testing steps. Adapted from 


2. As a diagnostic and triage test in patients who 
have signs and/or symptoms of urinary tract 
pathology 

3. As a surveillance test in patients who have a 
history of urinary tract malignancy 
The frequency with which these tests are 

ordered depends on geographic region, which in 
turn depends on patient population and clinician 
subspecialty and expertise. An accurate descrip- 
tion of the patient history that includes a reason 
for the test order (e.g., screening, diagnostic, or 
surveillance) is important for the cytopathology 
laboratory, as different mimics are seen in differ- 
ent patient populations. 

In patients who have had high levels of expo- 
sure to known bladder carcinogens or who work 
in industries with high risks of exposure, urine 
cytology testing may be used as the initial screen- 
ing test for early bladder cancer detection. 

The most common use of urine cytology is as 
a diagnostic and triage test for patients who have 
signs (such as hematuria) or symptoms (such as 
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painful urination) of cancer. Urine cytology diag- 
noses are used in conjunction with history, physical 
examination, and other testing results to triage patients 
with different follow-up management protocols. 

The frequency of obtaining urine cytology 
specimens as part of an overall surveillance pro- 
tocol for patients who have been previously diag- 
nosed with urothelial cancer varies. Some 
urologists procure a urine specimen at every sur- 
veillance cystoscopic examination visit. For 
example, following the diagnosis of a low-grade 
urothelial carcinoma, a urine specimen may be 
obtained at 3 months, 9 months, and then yearly. 
Following the diagnosis of a high-grade urothe- 
lial carcinoma, a urine specimen may be obtained 
every 3 months for a year for surveillance and 
then yearly following negative results. Any sus- 
picious or malignant urine cytology diagnosis 
with a normal cystoscopic examination will usually 
result in repeat imaging, if it has not been per- 
formed recently, and performing bladder and 
prostatic urethral biopsies (in men). 


16 Urine Cytology 


Urine Samples: Specimen Procurement 
and Transport 


Urine cytology specimens are classified as either 
voided or instrumented. This distinction is impor- 
tant as the cytological appearance of cancers and 
the diagnostic pitfalls are often unique for these 
two specimen types. 

This binary separation of urine specimens fol- 
lows the classic cytological separation into those 
specimens obtained through a normal cellular 
shedding mechanism (voiding) and those col- 
lected by scraping or forcible discharge (instru- 
mentation), the first being of low cellularity, 
unless the patient has urothelial disease, and the 
second being more cellular. An exception to this 
rule is a urine specimen procured post-cysto- 
scopic examination. The cytological findings in 
these voided urines are essentially the same as in 
instrumented urines. 

A final type of urine specimen is the “conduit” 
specimen, procured in a patient who had a cys- 
tectomy with a conduit constructed from other 
body tissues, such as the ileum. The conduit con- 
nects the upper urinary tract to a body outlet. As 
clinicians obtain conduit specimens to track dis- 
ease in the upper tract (renal pelvises, calyces, or 
ureters), the cells of interest are the urothelial 
cells, which tend to be few in number compared 
to the numerous intestinal cells. Urine from 
patients with urinary neobladders is affected 
likewise. 


Voided Urine Specimens 

Voided specimens (also known as clean catch 
specimens) are the most common specimens 
examined in most cytology laboratories. A ran- 
dom specimen (and not an early morning speci- 
men) is recommended to limit cellular 
degeneration caused by hyper concentrated urine 
that has remained in the bladder for prolonged 
periods at night, which is a source of diagnostic 
error. As previously mentioned, voided urine 
specimens tend to be of low cellularity, unless the 
patient has: 

1. A high-grade urothelial cell carcinoma of the 

bladder (in some cases) 
2. An irritative lesion, such as lithiasis or infection 
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3. A contaminated urine, most frequently 
procured from a woman, in which the predom- 
inant component is non-urinary tract cells 
Voided urines are superior to instrumented 

urines in detecting malignancies of the urethra 

based on the fact that urine in the bladder has not 
been exposed to the lesion that would source the 
cells, whereas voiding may capture cells from the 


urethral lesion. 


Instrumented Urine Specimens 
Instrumented urine specimens 

divided into three types, which are procured 
through a catheter or after an instrument (such 
as a cystoscope) is introduced into the urinary 
tract. Instrumented specimens include catheter- 
ized urines, bladder washings, brushings, and 


are further 


upper urinary tract urines obtained by ureteric 
catheterization. Instrumented urine specimens 
are superior to voided urine specimens in 
detecting malignancies of the bladder and 
upper tract. 


Catheterized Specimens 

Catheterized specimens are collected for a vari- 
ety of reasons, such as the work-up of patients 
who may have a urinary tract infection, determin- 
ing the cause of hematuria, or for urothelial can- 
cer screening in patients who have an in-dwelling 
catheter. 


Washing Specimens 

A washing may be performed of any part of the 
urinary tract, although the most common location 
of a washing specimen is of the bladder. Washing 
specimens may be directed or undirected and in a 
washing procedure, a solution (e.g., electrolytic 
or saline) is injected into the cavity of interest and 
then withdrawn. Washing specimens are often 
performed as a method for examining a large area 
for cancer. Washings are the most sensitive cyto- 
logical method for urothelial cancer detection. 
Upper tract specimens often are a type of wash- 
ing specimen, but often are discussed separately 
because the cytological findings of the upper tract 
differ from that of the bladder, the upper tract 
consisting of the renal collecting ducts, pelvis, 
and ureters. 
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Table 16.1 Failures in the pre-analytic phase of urine 
cytology testing 

Inappropriate test ordering 

Procurement of a poor-quality sample 

Poor preservation prior to transport 

Specimen mix-up 

Specimens loss or destruction during transport 

Lack of clinical information on urine requisition form 


Brushing Specimens 

A brushing is performed under cystoscopic guid- 
ance of a specific area of concern. Brushing may 
be performed on any portion of the urinary tract 
and may be collected in conjunction with a wash- 
ing. The brushing specimen is either placed 
directly on a slide and smeared or placed into a 
fixative and processed similar to other urine 
specimens. 


Testing Failures and Quality 
in the Pre-analytic Phase 


Root cause analysis has shown a variety of fail- 
ures in different steps of the pre-analytic testing 
phase (Table 16.1). For example, using the 
Eindhoven method of root cause analysis, fail- 
ures in obtaining a quality sample are secondary 
to inappropriate protocols, faulty techniques or 
equipment, practitioner inexperience, and patient- 
related factors. Several causes of error may be 
identified in an individual patient case, and errors 
are often compounded through the testing cycle. 
Cytological—histological correlation is a com- 
monly used root cause analytic method to iden- 
tify causes of error in patients who have both a 
urine specimen for cytological analysis and a 
simultaneous or follow-up biopsy for histological 
analysis. In the correlation process, the diagnoses 
of the two specimens are compared and non-cor- 
relating specimens are reviewed to determine if 
the source of error was secondary to failures in 
the diagnostic interpretation steps or the steps 
prior to interpretation (e.g., sampling error, or a 
failure in the procurement or processing steps). 
In examining errors detected through correla- 
tion of urine and bladder biopsy specimens, 60% 
of non-correlating cases were caused by a sam- 
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pling failure. Most of these errors were classified 
as a false negative and methods to decrease sam- 
pling error will be discussed later. More than 
12% of testing failures were secondary to sam- 
pling or interpretation defects in the cystoscopic 
examination tissue procurement and/or interpre- 
tation steps following an appropriately inter- 
preted urine specimen. Thus, the correlation 
method may be used to identify problems in the 
larger testing cycle involving the follow-up steps 
of cystoscopic examination. 

Forty-nine percent of urine/biopsy testing fail- 
ures led to some degree of patient harm, gener- 
ally consisting of additional diagnostic testing 
(either procurement of a repeat urine or biopsy) 
to establish the diagnosis, delays in treatment, or 
unnecessary cystoscopic examination. 


The Analytic Phase 
Specimen Handling 


Specimen Accessioning and Processing 
The analytic phase begins when a urine specimen 
arrives in the cytopathology laboratory. Laboratory 
technical staff members accession the specimen, 
which involves assigning a unique laboratory 
identification number. In urine specimen labora- 
tory processing, a variety of methods are used to 
create microscopic slides. These processing meth- 
ods include centrifugation, filter, smear, and cell 
block techniques. In the last decade, technologies 
that create monolayer urine preparations have 
become widespread. In the last steps of process- 
ing, the microscopic slides are stained and the 
preferential stain for most cytopathologists is the 
Papanicolaou stain, which highlights both nuclear 
and cytoplasmic characteristics. Some cyto- 
pathologists use additional stains for interpreta- 
tion, such as a modified Wright-Giemsa stain. 

Processing and staining methods are critical 
for specimen quality, and there is a general lack 
of study on optimal processing methods, as pro- 
cessing is non-standardized across laboratories. 
As noted previously, sampling failures identified 
by the correlation process include failures in 
processing. 
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Table 16.2 Failures in the analytic phase of urine cytology 
testing 
Accessioning phase 
Specimen mix-up 
Specimen loss 
Processing phase 
Specimen mix-up 
Specimen loss 
Poor preparation 
Poor staining 
Poor cover slipping 
Cytotechnologist screening phase 
Failure to locate malignant cells 
Incorrect diagnosis rendered 
Pathologist interpretation phase 
Specimen mix-up 
Failure to locate malignant cells 
Incorrect diagnosis rendered 
Incorrect report created 


Errors that occur in the accessioning and pro- 
cessing phases as well as other analytic phases 
are shown in Table 16.2. 


Cytotechnologist Screening 

In many laboratories, cytotechnologists screen 
urine slides to identify cells that are the most sug- 
gestive of cancer or other lesions. These slides 
are then passed to cytopathologists who make a 
final diagnostic determination, often based on the 
cytotechnologist’s opinion and examination of the 
most worrisome areas marked. The process of 
screening involves the careful observation of every 
portion of the slide. In non-gynecologic pathol- 
ogy, this practice is largely based on expert opin- 
ion—careful observation by an individual trained 
in the screening process adds value by decreasing 
the false-negative fraction of missing pre-neo- 
plastic lesions and cancers. In some laboratories, 
cytotechnologists are not used for this practice. 


Diagnostic Interpretation 


Diagnostic interpretation is a complex cognitive 
task performed by cytopathologists. 
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Table 16.3 Diagnostic categories in urine cytology 


Tier 1. Specimen adequacy 
Adequacy for evaluation 
Adequacy for evaluation, but limited by: 
Low cellularity, obscuring material, blood, etc. 
Unsatisfactory for evaluation 
Tier 2. Assessment of cancer risk 
Benign 
Atypical 
Suspicious 
Malignant/neoplastic 
Tier 3. Classification of disease processes 
Benign 
No abnormalities observed 
Reactive processes (specify): 


Inflammation, lithiasis, infection (bacterial, viral, 
fungal, tuberculosis) 


Chemotherapy, radiation therapy, malakoplakia 

Malignant/neoplastic 

Urothelial carcinoma 

Low-grade urothelial carcinoma 

High-grade urothelial carcinoma 

Squamous cell carcinoma 

Adenocarcinoma 

Small cell carcinoma 

Renal cell carcinoma (upper tract) 

Malignant lymphoma 

Metastasis 


Diagnostic Categories 

For each patient specimen, a cytopathologist ren- 

ders a diagnostic interpretation using a three-tier 

diagnostic categorical system (Table 16.3): 

1. An assessment of specimen adequacy and 
quality 

2. An assessment of cancer risk in adequate 
specimens 

3. A classification of specific neoplastic and 
non-neoplastic diseases in some adequate 
specimens 
In the United States, there is a lack of stan- 

dardization on how these three tiers are used. 


Tier 1. Specimen Adequacy 

An adequate specimen is critical for determining 
if cancer is present. The assessment of adequacy 
is based on the number of cells present and the 
absence of limiting factors, such as obscuring 
blood. Yet, criteria for urine specimen adequacy 
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Table 16.4 Likelihood ratios for the diagnoses of low- and high-grade urothelial carcinoma in urine specimens 


Urine diagnoses for urothelial carcinoma 


Specimen and cancer grade Benign Atypical Suspicious Malignant Total cases 
Voided, high grade 0.384 1.116 5.294 4.080 271 
Voided, low grade 0.738 1.855 1.611 0.439 235 
Instrumented, high grade 0.162 1.050 3.150 5.250 103 
Upper tract, high grade 0.400 0.800 oa) oa) 18 
Instrumented, low grade 0.538 1.400 2.000 2.500 84 
Upper tract, low grade 0.400 0.800 - co) 13 


are not standardized for different specimen types 
and preparation methods. Many cytopathologists 
do not formally grade adequacy, especially in 
voided urine specimens. 

As the cells present in voided urine specimens 
are obtained through the sloughing of epithelial 
layers of the entire urinary tract, the number of 
cells present in any given sample depends on the 
disease process. Thus, voided urine specimens 
may be highly cellular in conditions in which cel- 
lular sloughing is common, such as high-grade 
malignancies and inflammatory or reactive con- 
ditions. More commonly, they tend to be of low 
cellularity. Most voided urine specimens contain 
at least a few urothelial, inflammatory cells, and/ 
or acellular components such as crystals or debris. 
Instrumented urine specimens generally show 
higher cellularity. 


Tier 2. Cancer Risk 
Cytopathologists traditionally use a four categori- 
cal scale (benign, atypical, suspicious, and malig- 
nant) to denote risk of neoplasia in urine specimens. 
Cytopathologists and clinicians have not standard- 
ized clinical management recommendations for 
these diagnostic categories. The frequency of use 
of specific diagnostic categories depends on fac- 
tors such as patient population, specimen type, 
specimen quality, and cytopathologist experience. 
In voided urine specimens, the atypical rate may 
be as high as 20%, and in instrumented urine 
specimens the atypical rate may be even higher. 
The likelihood ratio of a diagnostic category 
may be used to calculate the posttest probability 
of malignancy from the pretest probability of 
malignancy. Table 16.4 shows the likelihood ratio 


of urine specimen diagnostic categories depend- 
ing on the specimen type and grade (low or high) 
of urothelial carcinoma for a university-based 
practice. For high-grade urothelial cancer and 
voided specimens, the diagnosis of benign cyto- 
logic findings lowers the probability of cancer 
and the diagnoses of atypical, suspicious, and 
malignancy confer an increasing risk of cancer. 
Based on the practices at both authors’ institu- 
tions, the atypical diagnosis only slightly increases 
the risk of a high-grade urothelial cancer. 

These authors also showed that individual 
cytopathologist likelihood ratios exhibit consid- 
erable variability for the diagnosis of atypical (in 
estimating the posttest probability of high-grade 
cancer) and for almost all categories of atypical 
and higher for estimating the posttest probability 
of low-grade cancer. These data indicate that the 
use of non-definitive categories (atypical and sus- 
picious) is non-standardized. Knowing the exper- 
tise of individual cytopathologists is critical in 
assessing the cancer risk associated with specific 
diagnoses. 


Tier 3. Disease Classification 

Cytopathologists classify both non-neoplastic 
and neoplastic diseases on urine specimens in the 
categories shown in Table 16.3. Learning the 
cytomorphologic criteria of these diseases forms 
the basis of urine cytology apprenticeship train- 
ing. Summaries of these disease criteria and pho- 
tomicrographs of the “classical presentations” 
are presented below. The challenge in actual 
cytopathology practice is in accurately classify- 
ing the myriad of patient specimens that are not 
classical in presentation. Some of the cognitive 
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biases that lead to errors in diagnostic interpreta- 
tion will be discussed, including the inappropri- 
ate use of heuristics. 


Sensitivity and Specificity of Disease 
Classification and Risk Assessments 

By far, the most common malignancy encoun- 
tered in urine cytology specimens is urothelial 
carcinoma, although other primary and second- 
ary malignancies have been well described in the 
literature. Reports of urine diagnostic accuracy 
generally are descriptive of urothelial carcinoma 
detection, as the detection of other malignancies 
is rare in comparison. 

For diagnostic purposes, cytopathologists sep- 
arate urothelial neoplasia into high- and low- 
grade cancers, and this two-category system is a 
means to report the degree of tumor differentia- 
tion and to correlate findings with World Health 
Organization (WHO) histology categories [1]. 
Criteria describing these malignancies will be 
discussed later. 

Urine cytology sensitivity and specificity 
depend on specimen type. Although urine cytol- 
ogy generally is regarded as sensitive for high- 
grade urothelial cancer, controversy is high 
regarding the sensitivity of urine cytology for 
low-grade urothelial carcinoma. Furthermore, 
recent reports have shown diminishing sensitivity 
compared to historical controls. 

Koss et al. reported that the sensitivity of 
voided urine for the diagnosis of high-grade 
urothelial carcinoma was 94.2%. The sensitivity 
increased as the number of voided urine speci- 
mens increased, with 79% of cancers detected 
on the first specimen, 14% on the second speci- 
men, and 7% on the third specimen. Other 
authors have confirmed this high level of sensi- 
tivity. Monolayer preparation methods detect 
high-grade lesions at a similar percentage, 
although indeterminate rates may initially rise 
after implementation. Several recent reports 
have failed to live up to historical findings. 
Halling reported that published urine cytology 
series after 1990 actually identified only 11, 31, 
and 60% of grades 1, 2, and 3 tumors, respec- 
tively [2]. More recently, cytology found only 
10.3% of all cancers in a recent large study of 
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patients under bladder cancer surveillance, and 
only 19.4% of high-grade lesions [3]. In other 
words, cytology missed the overwhelming 
majority of cancers, high-grade or not. The level 
of specificity of voided urine cytology for high- 
grade urothelial carcinoma depends on how 
indeterminate diagnoses are assessed. The false- 
positive rate of a definitive diagnosis of high- 
grade urothelial carcinoma is very low. The use 
of cystoscopic examination and biopsy also has 
its limits, as definitive high-grade urothelial car- 
cinomas may be diagnosed on urine specimens 
but not be seen on cystoscopic examination or 
biopsied. For example, during investigation of 
fluorescence cystoscopy, detection was improved 
for carcinoma in situ (CIS) (95% vs. 68%) and 
papillary tumors (96% vs. 85%), demonstrating 
the reality that malignancy often exists that is 
too small to be identified by endoscopic recogni- 
tion alone [4]. 

Table 16.5 shows the sensitivity and specificity 
of single urine cytology using strict histological 
follow-up as the gold standard. Of patients who 
had an indeterminate voided urine diagnosis 
(atypical or suspicious), 40% had follow-up of a 
high-grade urothelial carcinoma; only 26% of 
patients had a benign lesion. These data indicate 
that indeterminate diagnoses have a moderate to 
high risk of cancer. 

The sensitivity of bladder wash specimens 
for the diagnosis of high-grade urothelial carci- 
noma is higher than that seen in voided urine 
specimens. 

For low-grade urothelial cancer, the reported 
sensitivity (based on making a definitively malig- 
nant diagnosis) in bladder wash specimens in the 
literature ranges from 0 to 73%. Some cyto- 
pathologists will never make an outright diagno- 
sis of low-grade urothelial carcinoma. However, 
for some experienced cytopathologists, the diag- 
nostic sensitivity is over 50%. Based on the same 
follow-up study listed previously, 67% (14 of 21) 
patients had a diagnosis of atypical, suspicious, 
or malignant and a low-grade urothelial carci- 
noma on follow-up. 

The literature is virtually unanimous that the 
outright diagnosis of a low-grade urothelial car- 
cinoma is exceedingly difficult to make on a 
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Table 16.5 Sensitivity and specificity of voided, instrumented lower tract, and upper tract urine cytology 


Atypical urine diagnoses considered negative 


Low grade High grade 
Specimen type Sensitivity (%) Sensitivity (%) Specificity (%) 
Voided urine 8.9 49.2 89.0 
Instrumented lower tract urine 33.3 65.0 85.7 
Upper tract urine 40.0 40.0 100 
Atypical urine diagnoses considered positive 
Low grade High grade 
Specimen type Sensitivity (%) Sensitivity (%) Specificity (%) 
Voided urine 511 74.6 66.2 
Instrumented lower tract urine 66.7 90.0 61.9 
Upper tract urine 80.0 80.0 50.0 
Low grade High grade 
Atypical urine diagnoses considered negative Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) 
Primary diagnosis voided urine 9.7 97.7 45.2 97.7 
Surveillance voided urine 8.5 76.3 51.2 76.3 
Primary diagnosis instrumented urine 25.0 96.8 57.1 96.8 
Surveillance instrumented urine 35.3 75.0 66.7 75.0 
Low grade High grade 
Atypical urine diagnoses considered positive Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) 
Primary diagnosis voided urine 32.3 73.3 66.7 73.3 
Surveillance voided urine 61.0 55.9 78.6 55.9 
Primary diagnosis instrumented urine 50.0 71.0 100 71.0 
Surveillance instrumented urine 70.6 53.1 87.9 53.1 


voided urine specimen. However, one study 
showed that 48% of biopsy-proven low-grade 
urothelial carcinomas had a voided urine diagno- 
sis of atypical or suspicious. In this study, 11% of 
all institutional voided urine cases had an indeter- 
minate diagnosis, as the vast majority of patients 
did not have histology follow-up. These data 
indicate that indeterminate diagnoses raise the 
posttest probability of low-grade cancer, even in 
voided urine specimens. 


Cytomorphological Criteria of Benign 

and Neoplastic Lesions 

“Normal” Urine Specimens 

Normal urine specimens are obtained in patients 
without urinary tract disease and display cells 
that lack pre-neoplastic, neoplastic, or reactive 
changes. Completely normal urine specimens are 
obtained in some patients who undergo screening 
and in some patients who undergo cystoscopic 
examination and do not have disease. 


Voided urine specimens may contain a variety of 
cell types from different regions of the urinary 
tract lined by urothelial cells, squamous cells, 
and glandular cells. Instrumented and ileal con- 
duit specimens are usually more cellular. 


Cellular Components 

Urothelial Cells 

Urothelium is divided into three cell layers: 
superficial, intermediate, and basal/parabasal. 
Superficial urothelial cells are large and also 
known as umbrella cells. These cells may nor- 
mally be multinucleated although they generally 
contain from one to three nuclei. The cytoplasmic 
borders are well defined and the cytoplasm is 
finely granular. The intermediate cell layer is vari- 
able in thickness and the cells are cuboidal and 
smaller than superficial cells. The basal/parabasal 
cell layer also is a single layer in thickness and 
the cells are in similar shape but slightly smaller 
compared to intermediate urothelial cells. 
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Table 16.6 Sources of glandular cells in urine specimens 


Normal lining 
Cystitis glandularis 
Periurethral glands 
Prostate 

Kidney 

Seminal vesicle 
Epididymis 

Vas deferens 
Female genital tract 
Nephrogenic adenoma 
Adenocarcinoma 


Urothelial carcinoma with adenocarcinomatous 
differentiation 


Squamous Cells 

Portions of both the male and female urothelial 
tract are normally lined by squamous epithelium. 
In women, the urinary tract squamous cells are 
often confused with benign squamous cell con- 
taminant from the gynecological tract. The pres- 
ence of bacteria associated with squames, in the 
absence of reactive changes and inflammation, is 
usually a sign that the squamous cells are not of 
urinary tract origin. 


Glandular Cells 

Glandular cells have a number of sources 
(Table 16.6). Glandular cells exhibit oval, basally 
placed nuclei with finely granular blue to green 
cytoplasm. Glandular cells may normally display 
cytoplasmic vacuolation or cilia. Glandular cells 
may differentiate from the urothelial lining. 
Glandular epithelium also may arise as a response 
to chronic irritation. Mucous-secreting glands are 
normally found in the spongy portion of the male 
urethra and in the female urethra; hence these 
cells may be shed in voided urine specimens. 


Malignancy and Its Pitfalls 


Urothelial Cancer 

Cytopathologists use different cytomorphologic 
criteria to diagnose low-grade and high-grade 
urothelial carcinoma. Low-grade cancer diagnos- 
tic criteria describe features of a well-differenti- 
ated carcinoma and high-grade cancer diagnostic 
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criteria describe features of a moderately or 
poorly differentiated carcinoma. Quite under- 
standably, the diagnosis of a low-grade cancer is 
far more difficult and some cytopathologists 
argue that it is impossible. As noted previously, 
the diagnosis of both high- and low-grade can- 
cers depends on several factors, one of which is 
individual expertise. Prior to interpreting cancer 
risks associated with cytopathologic reports, it is 
important that clinicians know whether individ- 
ual cytopathologists use the diagnostic category 
of low-grade urothelial carcinoma. 

The histopathologic correlates of the cyto- 
pathologic diagnosis of high-grade urothelial car- 
cinoma includes in situ, some grade 2 papillary, 
and most invasive carcinomas. The histopatho- 
logic correlates of the cytopathologic diagnosis 
of low-grade urothelial carcinoma include grade 
1 papillary carcinoma and other low-grade enti- 
ties, such as papillary urothelial neoplasm of low 
malignant potential (PUNLMP). 

The concept of urothelial dysplasia is poorly 
captured in the cytology binary grading system. 
The histologic diagnoses of high-grade urothelial 
dysplasia and CIS are classified as high-grade 
urothelial carcinoma in the cytologic system. The 
histologic diagnosis of low-grade urothelial dys- 
plasia does not have a cytologic counterpart, and 
can be regarded as benign. 

The indeterminate diagnoses of atypical and 
suspicious may be used to describe either high- or 
low-grade carcinomas in which definitive cyto- 
pathologic criteria are absent. In the following sec- 
tions, we describe the cytopathologic features of 
both high-grade and low-grade urothelial carcinoma 
and report the mimics of each of these entities. 


High-Grade Urothelial Carcinoma 

The main mimics of high-grade urothelial carci- 
noma are cellular degeneration, treatment effect 
(systemic or local chemotherapy, such as Bacillus 
Calmette-Guérin therapy, or radiation therapy), 
lithiasis, and infections, including human poly- 
oma virus. The diagnostic criteria for cancer tend 
to be seen in combination. Classic examples of 
high-grade urothelial carcinoma are shown in 
Figs. 16.2, 16.3, and 16.4, and mimics are shown 
in Figs. 16.5, 16.6, 16.7, 16.8, and 16.9. 
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Fig. 16.2 Urine, voided: 

high-grade urothelial 

carcinoma. The malignant } = 

urothelial cells vary in size . 

and shape and exhibit © ?. 
variable degrees of é { 
degeneration. Not the 2 

coarse, dark chromatin and 

high nuclear:cytoplasmic J 
ratios (Papanicolaou X HP) 


an 


Fig. 16.3 Urine, voided: a 
high-grade urothelial Ka 

carcinoma. The malignant a 

urothelial cells contain a a 
thin rim of homogeneous 

cytoplasm. There is an 

absence of cytoplasmic e 
vacuoles (Papanicolaou X p 


HP) F P 


Fig. 16.4 Urine, voided: d 
high-grade urothelial A 

carcinoma. The malignant 

cell nuclei are large and the 

nuclear membranes are 

irregular. The nuclear 

membranes show focal 

thickening. Several of the 

nuclei show multiple e 
prominent nucleoli 

(Papanicolaou X HP) 
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Fig. 16.5 Urine, voided: 
degeneration. Numerous 
single degenerated 
urothelial cells contain 
hyperchromatic nuclei and 
irregular nuclear mem- 
branes. These cells contain 
a moderate amount of 
cytoplasm and lack the 
high nuclear:cytoplasmic 
ratio of high-grade 
urothelial carcinoma cells. 
Background squamous 
cells are hardier and show 
fewer degenerative features 
(Papanicolaou X HP) 


Fig. 16.6 Urine, voided: 
chemotherapy effect. The 
urothelial cell shows nuclear 
enlargement, slight 
hyperchromasia, and nuclear 
membrane irregularities. 
The nuclear membrane is 
not markedly thickened and 
the nuclear hyperchromasia 
is less than that seen in a 
high-grade urothelial 
carcinoma. This patient was 
receiving systemic 
chemotherapy for leukemia 
(Papanicolaou X HP) 


Fig. 16.7 Urine, bladder 
washing: Bacillus 
Calmette-Guérin therapy 
effect. Histiocytes and 
granulomas in latter stage 
therapy may be seen in 
instrumented urine 
specimens. Numerous 
histiocytes are admixed 
with small, round 
lymphocytes in this 
granuloma (Papanicolaou 
X HP) 
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Fig. 16.8 Urine, ureter 
washing: lithiasis. In 
lithiasis, marked acute 
inflammation, squamous 
metaplasia, and reactive 
squamous cells may be 
seen. The urothelial cells 
often have slightly 
hyperchromatic nuclei 
(Papanicolaou X HP) 


Fig. 16.9 Urine, voided: 

human polyomavirus. The 

human polyomavirus > 
infected urothelial cell 

shows an eccentrically 

placed nucleus. The cell 

has the appearance of a 

comet with a cytoplasmic 

tail (Papanicolaou X HP) 


The definitive diagnosis of urothelial carci- 
noma depends on several factors, including num- 
ber of tumor cells present in the specimen and 
specimen quality. Voided urine specimens tend to 
have fewer cells and exhibit more cellular degen- 
eration compared to instrumented urine speci- 
mens, which may contain larger groups of 
malignant cells. 

In upper tract urine specimens, the benign 
urothelial cells show larger nuclei with higher 
nuclear-to-cytoplasmic ratios and more promi- 
nent nuclear membrane irregularities, compared 
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to bladder washing specimens. However, the 
diagnosis of a high-grade urothelial carcinoma 
generally is relatively straightforward in a high- 
quality specimen. 

The challenge in diagnostic interpretation lies 
in making a definitive diagnosis if only a few 
malignant (or atypical) cells are present or if the 
specimen is of low quality, such as exhibiting 
extensive degeneration or obscuring material 
(e.g., blood, debris, lubricant). In these cases, 
non-definitive diagnoses may be rendered, 
depending on other factors such as cytopatholo- 
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Fig. 16.10 Histology: 
low-grade urothelial 
carcinoma. Numerous 
fibrovascular cores are 
surrounded by well- 
differentiated neoplastic 
cells. The malignant cells 
have abundant cytoplasm 
with monotonous round to 
oval nuclei (H&E X LP) 


Fig. 16.11 Urine, bladder 
washing: low-grade 
urothelial carcinoma. A 
cluster of low-grade 
carcinoma cells lies 
inferior to a squamous 
epithelial cell. The 
low-grade carcinoma cells 
have high nuclear to 
cytoplasmic ratios, slightly 
thickened nuclear 
membranes, and finely 
granular chromatin. The 
cytoplasm is difficult to 
see, but is metaplastic and 
non-vacuolated 
(Papanicolaou X HP) 


gist experience or patient history. Improvement 
efforts to increase tumor cellularity and specimen 
quality have involved preparing additional slides, 
using additional methods of preparation, and col- 
lecting additional specimens. 


Low-Grade Urothelial Carcinoma 

As has been mentioned previously, the diagnosis 
of low-grade urothelial carcinoma is controver- 
sial, and most published criteria are based on case 
series of instrumented specimens. Classic exam- 
ples of low-grade urothelial carcinoma are shown 
in Figs. 16.10, 16.11, and 16.12, and mimics are 
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shown in Figs. 16.13, 16.14, and 16.15. The main 
mimics are instrumentation artifact and a variety 
of reactive conditions. 

As low-grade cancers are well differentiated, 
they cytologically appear very similar to normal 
urothelium. Thus, the criteria for diagnosis 
essentially are those of slight changes in nuclear 
and cytoplasmic features, which must be 
observed in the absence of stimuli that cause 
reactive changes. In other words, the presence of 
inflammation or more pronounced cytologic 
changes limit the ability to make a definitive 
diagnosis. 
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Fig. 16.12 Urine, bladder 
washing: low-grade 
urothelial carcinoma. A 
cluster of cells of 
low-grade urothelial 
carcinoma shows densely 
homogeneous cytoplasm. 
The nuclear:cytoplasmic 
ratio is only slightly 
enlarged and some nuclear 
membranes are irregular in 
contour (Papanicolaou X 
HP) 


Fig. 16.13 Urine, voided: 
reactive urothelial cells. 
Although these urothelial 
cells show nuclear 
hyperchromasia, increased 
nuclear:cytoplasmic ratios, 
and nuclear membrane 
irregularities, the presence 
of cytoplasmic 
vacuolization indicates a 
reactive process 
(Papanicolaou X HP) 


Fig. 16.14 Urine, bladder 
washing: instrumentation 
artifact. Large groups of 
benign urothelial cells 
often are dislodged with 
instrumentation. In this 
group, superficial 
urothelial cells overly 
numerous intermediate 
urothelial cells. The 
urothelial cells are 
crowded but do not exhibit 
significant atypia 
(Papanicolaou X HP) 


S.S. Raab et al. 


g 


16 Urine Cytology 


Fig. 16.15 Urine, voided: -y 
reactive findings. The 

urothelial cells show 

vacuolated cytoplasm and 

low nuclear:cytoplasmic 

ratios with conspicuous 

nucleoli and fine nuclear 

membranes. The patient 

has a history of lithiasis 

(Papanicolaou X HP) $ 


Fig. 16.16 Urine, 
voided: squamous cell 
carcinoma. The 
malignant cells show 
keratinizing and 
non-keratinizing features. 
The malignant 
keratinized cells show 
either small, 
hyperchromatic nuclei 
or enlarged nuclei with 
irregular cytoplasmic 
shapes (Papanicolaou 
X HP) 


Deshpande and McKee reported that cytologi- 
cal criteria more indicative of low-grade urothe- 
lial carcinoma on voided specimens were 
increased specimen cellularity, cell clusters, and 
nuclear membrane irregularities. These authors 
reported that pseudoclusters are difficult to dis- 
tinguish from true cell clusters on monolayer 
preparations, limiting interpretation. 


Other Malignancies 
Non-urothelial malignancies are diagnosed with 
considerable less frequency. Examples of these 
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malignancies are shown in Figs. 16.16, 16.17, 
16.18, and 16.19. 


Ancillary Testing 


In the last decade the United States Federal 
Drug Administration approved biomarker assays 
specific for the detection of bladder cancer. 
These assays include (1) assays for urine pro- 
teins (proteomic) such as NMP22, BTA stat, 
and BTA TRAK; (2) immunocytochemical 
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Fig. 16.17 Urine, voided: 
adenocarcinoma. The 
malignant cells form 
three-dimensional clusters 
with cytoplasmic 
vacuolization in a 
background of 
inflammation. Many of the 
malignant cells display a 
prominent nucleolus 
(Papanicolaou X HP) 


Fig. 16.18 Urine, voided: 
small cell carcinoma. 
Single malignant cells and 
a large central cluster of 
malignant cells are present. 
The malignant cells have 
granular chromatin and 
high nuclear to cytoplasmic 
ratios (Papanicolaou X HP) 


Fig. 16.19 Urine, voided: 
prostatic adenocarcinoma. 
In this prostatic 
adenocarcinoma, the nuclei 
contain prominent nucleoli 
(Papanicolaou X HP) 
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Table 16.7 Sensitivity and specificity of urinary markers 
Test Marker Sensitivity (%) Specificity (%) 
Fibrin degradation product (FDP) Fibrin degradation product 78-91 75-90 
ImmunoCyt High molecular weight carcinoembryonic 70-95 70-85 
antigen and mucins 
UroVysion Chromosomal probes 69-75 82-85 
Bladder tumor antigen (BTA) stat Human complement factor H-related protein 60-70 50-75 
Bladder tumor antigen (BTA) Human complement factor H-related protein 60-70 50-75 
TRAK 
Nuclear matrix proteins (NMP) 22 Nuclear matrix apparatus proteins 60-75 70-85 


assays such as ImmunoCyt; and (3) fluorescence 
in situ hybridization (FISH). The development 
of these assays has reflected the remarkable 
advances in proteomics and genomics. Lam and 
Nabi wrote that the ideal biomarker should be 
able to replace cystoscopic examination and be 
cost effective: in the current environment, exist- 
ing protein or molecular biomarkers have not 
met this challenge. 

The sensitivity and specificity of currently 
available biomarkers is shown in Table 16.7. 
The utility of biomarkers generally is assessed 
by comparing the sensitivity and specificity with 
urine cytology. For example, the UroVysion test 
(Abbott Molecular, Abbott Park, IL, USA) relies 
on chromosomal alterations associated with 
bladder cancer by the use of fluorescent probes 
to centromeres on chromosomes 3, 7, 17, and 
recognition of deletion of 9p21. The protocol 
for test performance is both labor-intensive and 
operator dependent, requiring expertise of the 
person who counts and examines the slides. In a 
meta-analysis of diagnostic accuracy, Hadjdinjak 
reported that excluding Ta tumors, the sensitiv- 
ity for UroVysion and cytology was 86% and 
61%, respectively. Differences in test perfor- 
mance disappeared when non-muscle-invasive 
cases were excluded from the analysis. Hajdinjak 
concluded that cytology results were highly 
specific, although a negative cytology result did 
not meaningfully change the posttest probability 
of urothelial cancer. UroVysion results did not 
provide conclusive evidence of the presence or 
absence of cancer, but both positive and nega- 
tive results altered the posttest probability of 
malignancy. 


A number of genetic markers have been stud- 
ied to determine their role in bladder cancer 
development and progression. These markers 
include tumor-suppressor genes (e.g., p53), cell 
cycle regulators (e.g., Ki-67), protooncogenes 
and oncogenes (e.g., c-myc or EGFR), and cell 
adhesion molecules (E-cadherin). Some of these 
markers have potential prognostic value for can- 
cer recurrence, progression, and survival. 

Epigenetics is the study of inherited reversible 
changes in gene function or other cell phenotypes 
that occur without any change in DNA sequence. 
An epigenetic mechanism for long-term silenc- 
ing of gene expression is DNA methylation. 
Molecular diagnosis may allow for the detection 
of some epigenetic events that occur early in the 
disease process. Methylation analysis in urine is 
being studied for cancer detection and prognosis. 
Promotor hypermethylation occurs in bladder 
cancer and methylation-specific polymerase 
chain reaction is being used to detect specific 
methylation markers in the urine. Lastly, gene- 
expression analysis using microarray technology 
is currently being studied as an approach to deter- 
mine the biological behavior of bladder cancer, 
including tumor growth, progression, and meta- 
static potential. In the future, these research 
efforts may alter ancillary testing in urine cytol- 
ogy specimens. 


The Post-analytic Phase 


Clinical utilization of urine cytology results 
should be based on diagnostic findings and the 
clinical scenario. The scenarios can be broken 
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into patients with and without history of urothe- 
lial malignancy, and findings can be categorized 
as benign, suspicious, and malignant. 

Patients with findings such as hematuria or 
refractory irritative voiding symptoms suggest- 
ing malignancy but no history of urothelial malig- 
nancy will usually not require repeat investigation 
if initial evaluation by cystoscopy, upper tract 
imaging with computed tomography (CT) urog- 
raphy, and urinary cytology fail to identify abnor- 
malities. We regard cytology findings of benign 
or atypia to carry no implications of future malig- 
nancy, and these should not drive further testing. 
However, cytology findings suspicious for unrec- 
ognized malignancy merit meticulous investiga- 
tion and careful surveillance involving repeat 
testing in no more than 3 months. A low thresh- 
old to perform bilateral ureteronephroscopy, 
combined with random bladder biopsies and pro- 
static urethral biopsy, is in order, and based on 
the high positive predictive value we regard these 
as almost mandatory if the cytologic diagnosis 
identifies malignancy that is not otherwise known 
and addressed. 

Patients with known bladder malignancy con- 
current to positive cytological diagnosis are man- 
aged per the urologists’ routine to address the 
known malignancy. A European Organisation for 
Research and Treatment of Cancer (EORTC) ret- 
rospective review found that only 10% of ran- 
dom biopsies were positive (3.5% CIS) and 
concluded such biopsies were not routinely war- 
ranted [5]. However, Fujimoto prospectively 
evaluated the role of random biopsies of normal- 
appearing urothelium and found cancer in only 8 
of 100 biopsies, 5 of which were CIS. Notably, 
their random biopsies were positive primarily in 
the setting of positive cytology, so positive cytol- 
ogy in the setting of suspected low-grade tumor 
is a reasonable indication for random bladder 
biopsies [6]. 

The final related setting involves patients 
under surveillance for bladder cancer recurrence. 
Based on low negative predictive values, normal 
readings should not greatly affect treatment algo- 
rithms. However, a positive reading in the absence 
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of recognized recurrence merits meticulous 
investigation as described previously for the same 
situation in patients without history of bladder 
cancer. Furthermore, consideration of fluorescence 
is reasonable in either setting. 


Conclusion 


Urine cytology provides insight into the likeli- 
hood of urothelial cancer. Negative readings are 
of limited value, but positive readings should be 
regarded as signifying the presence of malig- 
nancy until proven otherwise. Even then, careful 
surveillance to assure that misdiagnosis has not 
occurred is in order. Direct collaboration between 
pathologist and urologist can be highly beneficial 
to identify cases where more careful investiga- 
tion is necessary. 
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Liang Cheng, Donald R. Bodner, Brent M. Hardin, 
Howard B. Goldman, Edward E. Cherullo, 


and Lee E. Ponsky 


Introduction 


Through experience, urologists learn to recog- 
nize endoscopic abnormalities and—in the great 
majority of cases—they are able to predict with 
considerable accuracy the final pathological diag- 
nosis. In this chapter, we present a number of 
endoscopic images and illustrate the pathological 
findings that correlate with these images. In many 
instances, the pathological images are derived 
from the exact endoscopic case shown. Although 
this chapter is by no means an exhaustive treatise 
on the spectrum of pathological conditions of 
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the urinary tract, we hope the reader finds the 
correlations interesting and informative. 


Bladder 
Normal Urothelium 


The normal urothelial lining has been discussed 
in detail in Chap. 1. On cystoscopy, the bladder 
wall appears white-gray in color, with thin ves- 
sels apparent below the luminal surface 
(Fig. 17.1a). On histology, this appearance cor- 
relates with a normal urothelial thickness of 4-7 
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Fig. 17.1 Normal urothelium. (a) Normal ureteral orifice and normal bladder mucosa. (b) Normal urothelium and 
underlying lamina propria in the bladder. The arrow indicates a layer of umbrella cells at the surface 


Fig. 17.2 Follicular cystitis. (a) Multiple discrete small 
mucosal irregularities are present. They do not significantly 
obscure the vasculature beneath them. (b) Lamina pro- 


cell layers, consisting of pale to pink urothelial 
cells lined by a surface layer of umbrella cells 
(Fig. 17.1b). Normal urothelial cells show cen- 
trally located nuclei with dispersed chromatin 
and inconspicuous nucleoli; in contrast, umbrella 
cells may demonstrate more overt atypia and may 
be multinucleated. Underlying the urothelium is 
the lamina propria, muscularis propria (detrusor 
muscle), and perivesical fat, respectively. 


Follicular Cystitis 


Follicular cystitis is an associated finding in up to 
40% of bladder cancer patients and in about 35% 
of patients with recurrent urinary infection. 
Endoscopically, the bladder mucosa appears 
studded with tiny pink, white, or gray nodules 
(Fig. 17.2a). Microscopically, the lamina propria 


pria contains lymphoid follicles oftentimes with a germi- 
nal center 


contains lymphoid follicles that usually contain 
germinal centers (Fig. 17.2b). 


Cystitis Cystica Et Glandularis 


This benign condition is characterized by cysti- 
cally dilated nests of urothelium below the lumi- 
nal surface that may appear as localized or florid 
cystic dilations of the urothelial surface 
(Fig. 17.3a). Microscopically, these lesions dem- 
onstrate a benign histology and often show char- 
acteristic eosinophilic secretions (Fig. 17.3b). 
Although considered one entity, cystitis glandu- 
laris has been distinguished by the presence of 
columnar cells and/or goblet cells that are sup- 
ported by urothelial cells. Cystitis cystica et glan- 
dularis is very common and may be considered 
within the spectrum of normal bladder. 


17 Pathology-Endoscopy Correlations of Bladder, Urachal, and Urethral Lesions 


Fig. 17.3 Cystitis cystica. (a) The mucosal surface is 
studded with innumerable bleb-like lesions that appear 
to contain straw-colored fluid. The remainder of the 
mucosa looks normal. (b) Normal urothelial cells often 
with eosinophilic secretions. The lumens of some cells 
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are lined by taller columnar-type cells, consistent with 
cystitis glandularis of the typical type. The cystic spaces 
lined by goblet cells comprise cystitis glandularis of the 
intestinal type, also sometimes designated intestinal 
metaplasia 


Fig.17.4 Squamous metaplasia. (a) Lesions tend to have a white color and are elevated. (b) Cells are lined by squamous 
epithelium, rather than urothelium and do not have atypia. This example does not have surface keratin 


Squamous Metaplasia 


Squamous metaplasia is a common finding in 
patients suffering from severe chronic cystitis. 
Squamous metaplasia appears endoscopically as a 
gray-white patch or nodule, and is most often 
located distally in the bladder (Fig. 17.4a). On 
histology, the lesions consist of layers of squamous 
epithelium, lacking cytologic atypia (Fig. 17.4b), 
with or without an overlying layer of keratin. 


Melanosis 


Melanosis is a descriptive term for the presence 
of dark brown or brown-black tissue pigmenta- 


tion due to melanin deposition. Fewer than a 
dozen cases of melanosis of bladder mucosa have 
been reported. At cystoscopy, the bladder mucosa 
exhibits multiple widespread areas of black or 
dark brown discoloration, without any particular 
site predilection (Fig. 17.5a). Microscopically, 
aggregates of black or dark brown granules are 
evident in the lamina propria and sometimes also 
in urothelial cells (Fig. 17.5b). 


Amyloidosis 
Amyloidosis encompasses a heterogeneous group 


of diseases in which soluble proteins aggregate 
and accumulate extracellularly in a single organ 
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Fig. 17.5 Melanosis of the bladder. (a) Large areas of 
brownish/black discoloration represent sites of melanosis. 
(b) Microscopically, abundant minute brown/black gran- 


ules are seen in the lamina propria and within surface 
urothelial cells 


Fig. 17.6 Amyloidosis of the bladder. (a) Histologically, 
deposits of acellular eosinophilic material in the lamina 
propria are seen and surround and separate the fibers of 


(localized) or in multiple sites (systemic). It is 
designated by internists and pathologists as pri- 
mary amyloidosis if associated with a plasma cell 
dyscrasia, and as secondary amyloidosis if cou- 
pled with a chronic systemic inflammatory disor- 
der. On endoscopy, amyloidosis varies from 
multiple yellow plaques or nodules studding the 
bladder lining to solitary or multiple ulcerated 
polypoid masses, or to diffuse irregular thicken- 
ing of the bladder wall (Fig. 17.6a). Histologically, 
primary and secondary bladder amyloidosis 
exhibit somewhat different features. Primary 
amyloidosis typically shows extensive deposits 
of acellular, eosinophilic material in the lamina 
propria as well as in the detrusor muscle 
(Fig. 17.6b). In contrast, the amyloid depositions 


detrusor muscle. (b) /nset: A blood vessel from a separate 
section in this case is normal 


in cases of secondary bladder involvement by 
systemic amyloidosis tend to accumulate prefer- 
entially within mural blood vessels, perhaps 
accounting for the propensity for massive bleed- 
ing in some of these cases. The diagnosis of amy- 
loidosis is facilitated by the fact that amyloid 
shows positive histochemical staining for Congo 
red stain and exhibits a characteristic “apple 
green” birefringence when viewed on polarized 
microscopy. 


Schistosomiasis 


Schistosomiasis is endemic to Eastern Africa, the 
Middle East, and Western Asia. The species 
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Fig.17.7 Schistosomiasis of the bladder. (a) Cystoscopy 
reveals a hyperemic and irregularly polypoid lesions. (b) 
Histologic foreign-body reaction with granulomatous 


Fig. 17.8 Endocervicosis of bladder. (a) This nodular 
lesion may occur anywhere in the bladder. Image courtesy 
of Raymond Onders, MD. (b) Irregular glands, some con- 
taining pale blue wispy mucin, are randomly interspersed 


S. haematobium is capable of living part of its life 
cycle in humans and gains access by penetrating 
the skin of a person standing in fresh water, 
then migrates to the urogenital tract, especially 
the bladder, and eventually matures into adult 
worms. The mature worms lay eggs in the blad- 
der wall that cause mucosal edema, hyperemia, 
and urothelial ulceration, forming reddened 
plaques near the ureteral orifices and on the trig- 
one (Fig. 17.7a). Foreign-body granulomatous 
inflammation with giant cells, and often abundant 
eosinophils (Fig. 17.7b), is initiated by the dead 
calcified eggs that may appear endoscopically as 
“sandy patches.” 


inflammation and eosinophils is shown. A calcified 
S. haematobium egg is illustrated. Figures reprinted with 
permission from Hardin et al. [1] 


between detrusor muscle bundles. The glands are lined by 
a single layer of columnar cells that lack cytologic atypia 
and mitotic activity and have abundant pale cytoplasm 


Endocervicosis 


This rare Mullerian lesion involves the bladder 
infrequently, with most patients between 30 and 
50 years of age. The common complaints are irri- 
tative bladder symptoms, lower abdominal pain, 
and/or hematuria. A history of previous caesarian 
section is common in these patients. Lesions may 
involve any level of the bladder wall and are evi- 
dent as mural nodules at cystoscopy or laparos- 
copy (Fig. 17.8a). Histologically, the nodules are 
composed of mucin-containing glandular struc- 
tures of variable shape and size, mainly involving 
the muscularis propria and/or outer bladder wall, 
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Fig. 17.9 Endometriosis of bladder. (a) A typical con- 
gested vascular mucosal nodule. (b) A blood-filled space 
is enclosed by endometrial tissue: a layer of endometrial 


and lined by a single layer of columnar or flat 
cuboidal cells (Fig. 17.8b). The glands appear 
remarkably similar to the normal histology of the 
uterine endocervix. 


Endometriosis 


Endometriosis is defined as the presence of endo- 
metrial glands and stroma outside the confines of 
the endometrial cavity and uterine musculature. 
About 12% of women between the ages of 25 and 
40 are affected by endometriosis; of these, about 
1-2% have endometriosis involving the urinary 
tract, with frequency of bladder, ureter, and kidney 
involvementof40:5:1,respectively.Endoscopically, 
endometriosis may appear as blue, red, black, or 
brown nodules; the mucosa overlying the nodules 
may be normal or ulcerated (Fig. 17.9a). 
Microscopically, the lesions consist of glandular 
spaces lined by endometrial epithelium and sur- 
rounded by a variable amount of endometrial 
stroma (Fig. 17.9b). 


Nephrogenic Adenoma 


Nephrogenic adenoma is a reactive mucosal 
lesion that most often occurs in the bladder, but 
may also occur in the renal pelvis, ureter, or 
urethra. In most patients, its presence can be 
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epithelial cells (black arrows), under which is a layer of 
small dark endometrial stromal cells (blue arrows). A 
thick bundle of detrusor muscle is seen at bottom 


attributed to an initiating factor such as trauma, 
calculus disease, infection, or recent genitouri- 
nary surgery. On endoscopy, lesions may be sin- 
gle or multiple, polypoid, sessile, or papillary 
(Fig. 17.10a). Although usually less than 1 cm in 
diameter, a lesion can be over 4 cm in greatest 
dimension. Tubular, cystic, papillary, or polypoid 
structures are common, and cells may occasion- 
ally be arranged as small solid sheets (Fig. 17.10b). 
The cells are generally uniform and cytologically 
benign, with virtually no mitotic activity, but 
hobnail cells and cells with clear cytoplasm may 
be noted focally. 


Flat Urothelial Carcinoma In Situ 


Flat urothelial carcinoma in situ (CIS) is an intra- 
epithelial carcinoma that may occur de novo or in 
the setting of a background high-grade papillary 
or invasive urothelial carcinoma. Patients with 
CIS are typically men over 50 years old, with 
hematuria, irritative voiding symptoms, and/or 
bladder pain of a severity suggestive of intersti- 
tial cystitis. Cystoscopy may show areas of vel- 
vety mucosal erythema (Fig. 17.11a); however, 
the mucosa may appear entirely unremarkable 
endoscopically. Urothelial involvement is com- 
monly multifocal. Microscopically, CIS is char- 
acterized by flat, disordered proliferation of 
urothelial cells with severe cytologic atypia 
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Fig. 17.10 Nephrogenic adenoma. (a) A papillary/poly- 
poid lesion typical of nephrogenic adenoma. (b) The 
stroma is occupied by numerous small tubular structures 
lined by epithelial cells, some of which show hobnail 


morphology (arrow at right). Some tubules contain wispy 
pale blue mucinous material. Scattered inflammatory cells 
are present in the stroma 


Fig. 17.11 Flat urothelial carcinoma in situ. (a) The 
urothelium may appear normal but many times may have 
an erythematous and slightly edematous appearance. 
Image courtesy of Allan Seftel, MD. (b) A disordered 
proliferation of malignant urothelial cells that exhibit a 


(Fig. 17.11b). The tumor cells show marked 
architectural disorganization with loss of cell 
polarity and cohesiveness, and are typically large 
and pleomorphic with moderate to abundant 
cytoplasm, although they are sometimes small 
with a high nucleus-to-cytoplasmic ratio. Tumor 
cell nuclei exhibit coarse clumped chromatin and 
often have prominent and sometimes multiple 
nucleoli. Mitotic figures are frequent and some- 
times atypical and may be found in any level of 
the urothelium. 


high nuclear/cytoplasmic ratio, nuclear pleomorphism, 
irregular nuclear contours, and nuclear hyperchromasia is 
seen. Cellular polarity is lost. Mitotic figures (arrows) are 
abundant, and are not basally located 


Papillary Urothelial Neoplasm 
of Low Malignant Potential 


Papillary urothelial neoplasm of low malignant 
potential (PUNLMP) is a low-grade urothelial 
tumor that occurs predominantly in males with a 
mean age of 65 years. Cystoscopically, PUNLMP 
is typically 1-2 cm in greatest dimension and 
located on the bladder lateral wall or near the ure- 
teric orifices (Fig. 17.12a). Its cystoscopic 
appearance has been likened to that of “seaweed 
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Fig. 17.12 (a) Papillary urothelial neoplasm of low malignant potential (PUNLMP). (b) Tumor cells have a low 
nuclear/cytoplasmic ratio and their nuclei are of uniform size and shape. Mitotic figures are absent or rare 


Fig. 17.13 Low-grade papillary urothelial carcinoma. 
(a) These lesions are universally papillary and exophytic. 
(b) Cell nuclei are moderately variable in size and shape 


in the ocean.” Microscopically, it has a papillary 
architecture lined by a markedly thickened 
urothelial lining that is otherwise normal in 
appearance (Fig. 17.12b). Mitotic figures are 
infrequent, and, if present, they are usually found 
only in the basal layer. 


Low-Grade Papillary Urothelial 
Carcinoma 


Low-grade papillary urothelial carcinoma occurs 
predominantly in males, with a male:female ratio 
of 3:1 and a mean age of 70 years (range 28-90 
years). Most patients present with some form of 
hematuria. Although most have a single tumor in 
the posterior or lateral bladder wall, 22% of 
patients with low-grade papillary urothelial car- 
cinoma have two or more tumors. Cystoscopically, 


with some nuclei being hyperchromatic and some 
having one or more distinct nucleoli. Mitotic figures are 
readily found 


papillary architecture is readily apparent 
(Fig. 17.13a). Microscopically, low-grade papil- 
lary urothelial carcinoma is composed of papil- 
lary fronds lined by multiple layers of urothelial 
cells with mild to moderate architectural and 
cytologic atypia; a characteristic finding is the 
presence of enlarged, hyperchromatic nuclei 
(Fig. 17.13b). Mitotic figures may be identified 
and can be found at any level of the urothelium. 


High-Grade Papillary Urothelial 
Carcinoma 


Patients with high-grade papillary urothelial 
carcinoma frequently present with hematuria. 
Endoscopically, these cancers may be papillary, 
sessile and nodular, or ulcerative (Fig. 17.14a). 
Tumors may be solitary or multiple. In high-grade 
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Fig. 17.14 High-grade urothelial carcinoma. (a) The 
lesion is erythematous, nodular, and highly irregular. Image 
courtesy of Benjamin Canales, MD. (b) Histological exam- 
ination reveals marked cellular atypia, with complete loss 


of cellular orientation. Nuclei are large and hyperchromatic, 
and many have prominent nucleoli. Tumor cells have high 
nuclear/cytoplasmic ratios, and vary considerably in shape 
and size. Abundant mitotic figures are present 


Fig. 17.15 Leiomyoma of the bladder. (a) Cystoscopy 
reveals a mural mass covered by normal mucosa. (b) 
Intersecting fascicles of spindle cells, morphologically 
suggestive of smooth muscle bundles, are seen. There is 


urothelial carcinomas, the tumor cells show 
profound loss of polarity and marked cytologic 
atypia (Fig. 17.14b); prominent nucleoli and 
numerous mitotic figures—often atypical—are 
usually present. 


Leiomyoma of the Bladder 


Leiomyomas are benign tumors of smooth muscle 
origin. Although bladder leiomyoma is uncom- 
mon—and accounts for less than 1% of bladder 
tumors—it is the most common benign soft tissue 
neoplasm of the bladder. Its occurrence in the 
bladder may be related to hormonal influences 


a lack of nuclear atypia, necrosis, and mitotic activity but 
abundant eosinophilic cytoplasm. Tumor cells show 
positive immunostaining for desmin, a smooth muscle 
marker (inset) 


and thus the great majority of bladder leiomyomas 
arise in women in the third through sixth decades 
of life, with an average patient age of 44 years. 
Bladder leiomyomas are most commonly found 
within the bladder, but may also be extravesical or 
intramural. Cystoscopy discloses a mural mass 
with normal overlying mucosa (Fig. 17.15a). 
Bladder leiomyomas range in size from a few mil- 
limeters to as large as 30 cm, weighing up to 9 kg. 
Microscopically, leiomyomas are composed of 
fascicles of smooth muscle cells with moderate to 
abundant eosinophilic cytoplasm (Fig. 17.15b). 
Their nuclei are oval to cigar-shaped, centrally 
located, blunt-ended, and devoid of significant 
atypical features such as _ hyperchromasia, 
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Fig. 17.16 Urachal cyst. (a) Located in the dome of the 
bladder, the mucosa overlying a urachal cyst is normal. 
The bladder tissue overlying the cyst has been resected in 


this figure. Photo courtesy of Tom Leininger, M.D. (b) 
These cystic structures are lined by flat cuboidal or colum- 
nar epithelium 


Fig. 17.17 Polypoid urethritis. (a) Often presenting with 
hematuria, these polypoid lesions may occur as solitary or 
multiple lesions. (b) Microscopic evaluation reveals 


pleomorphism, or individual cell necrosis, and 
demonstrate minimal mitotic activity. 


Urachal Lesions 
Urachal Cyst 


In early fetal life, the urachus connects the apex 
of the bladder to the allantois, located at the umbi- 
licus. Failure of obliteration of the urachus, which 
usually occurs by the fourth month in utero, 
results in a number of malformations that may be 
complicated by abdominal pain, chronic drainage 
from the umbilicus, infection, abscess formation, 
or stone formation. Urachal cysts are classified as 
juxtaumbilical, intermediate, juxtavesical, giant, 


edematous stroma infiltrated by acute and chronic 
inflammatory cells and prominent blood vessels 


or multiple. Endoscopically within the bladder, 
a urachal cyst is evident as a mural nodule in 
the dome or posterior wall of the bladder, with 
normal overlying mucosa (Fig. 17.16a). Micro- 
scopically, urachal cysts are lined by flattened 
epithelium that may be cuboidal, columnar, or of 
urothelial type (Fig. 17.16b). 


Urethra 

Polypoid Urethritis 

Polypoid urethritis is a nonneoplastic condition 
that is often reactive in nature. It is usually noted 


incidentally during cystoscopy as single or mul- 
tiple polypoid or papillary growths in the prostatic 
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Fig. 17.18 Urethral condyloma. (a) Occurring as soli- 
tary or multiple lesions, condyloma appears as whitish, 
raised mucosal lesions. (b) The squamous epithelium is 
proliferative and thickened but shows delayed maturation. 


urethra near the verumontanum in males or at the 
bladder neck in females (Fig. 17.17a). 
Histologically, the polypoid protrusions are the 
result of edematous stroma containing prominent 
blood vessels and chronic inflammatory cells that 
bulges up into the bladder lumen (Fig. 17.17b). 
The urothelial lining may show ulceration, meta- 
plastic changes, or other findings such as urethri- 
tis cystica. 


Urethral Condyloma 


This lesion, which is estimated to account for up 
to 30% of male urethral lesions, is caused by 
human papillomavirus and is sexually transmit- 
ted. Endoscopically, lesions appear as solitary or 
multiple white papillomatous mucosal excres- 
cences (Fig. 17.18a). Histologically, condylo- 
mata consist of flat or papillary hyperplastic 
squamous epithelium, with nuclear features col- 
lectively called “koilocytic atypia’”—eccentri- 
cally placed hyperchromatic nuclei with irregular 
nuclear outlines and cytoplasmic retraction arti- 
fact that produces a perinuclear halo effect 
(Fig. 17.18b). 


Benign Prostatic Hyperplasia 


Nodular hyperplasia or benign prostatic hyper- 
plasia (BPH) consists of overgrowth of prostatic 


The nuclei of the squamous cells are hyperchromatic and 
irregular in shape and size (koilocytic atypia), and many 
have clear perinuclear halos 


glandular epithelium and fibromuscular stroma 
of the transition zone and periurethral area. Three 
pathologic changes are involved in its genesis: 
nodule formation, diffuse enlargement of the 
transition zone and periurethral tissue, and 
enlargement of nodules. In relatively younger 
men, diffuse enlargement predominates, whereas 
in older men, epithelial proliferation and expan- 
sile growth of existing nodules predominate. The 
proportion of epithelium to stroma increases as 
obstructive symptoms become more severe. The 
endoscopic findings are familiar to urologists: 
encroachment of prostatic tissue upon the pros- 
tatic urethra by enlarged lobes of prostatic tissue 
that may also project into the bladder lumen. 

On gross inspection, nodular hyperplasia con- 
sists of variably sized nodules that are soft or 
firm, rubbery, and yellow-gray, and bulge from 
the cut surface upon transection. Prostatic calculi 
and zones of infarction may be present. 
Histologically, nodular hyperplasia is composed 
of varying proportions of epithelium and stroma 
that is comprised of fibrous connective tissue and 
smooth muscle. 


Ureter 
Ureterocele 


This is a congenital distal ureteral dilatation that 
protrudes into the bladder lumen and occasion- 
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Fig. 17.19 Ureterocele. (a) A large submucosal lesion is 
visualized as it protrudes into the vesical cavity with nor- 
mal overlying mucosa. Arrow indicates the left ureteral 
orifice. (b) Although little muscle may be present, this 


ally into the urethra (Fig. 17.19a). It typically 
involves the upper pole ureter of a duplex system 
and rarely occurs in a single ureter. More than 
two-thirds of ureteroceles are accompanied by 
segmental dysplasia of the upper pole of the kid- 
ney. The mucosa overlying the bulging uretero- 
cele appears normal endoscopically. Microscopic 
evaluation of the ureterocele wall may reveal 
muscular hypertrophy, muscular atrophy, or 
absence of musculature (Fig. 17.19b). 
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example reveals thick musculature. The ureteral lumen is 
at top center, indicated by the starburst symbol; the blad- 
der lumen is at bottom right 
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Introduction 


The most common variant of bladder cancer in 
Western countries is urothelial carcinoma (UCC), 
formerly known as “transitional cell carcinoma,” 
which has significant health costs and morbidity 
[1,2]. This neoplasm has two distinct clinical 
presentations: approximately 30% of UCs are 
muscle-invasive (MIUC), while the remainder 
present with nonmuscle-invasive disease 
(NMIUC). These are not mere pathological dis- 
tinctions, but rather two distinct clinical entities, 
which show different outcomes and are therefore 
treated differently. For instance, NMIUC (corre- 
sponding to stages Ta, Tis, and T1) is generally 
treated by endoscopic transurethral tumor resec- 
tion, which may be followed by intravesical 
immunotherapy or chemotherapy. This approach 
generally results in good outcomes, with 85% 
10-year disease-specific survival for Ta, and 70% 
for T1 stage disease [3]. On the contrary, patients 
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with MIUC are generally treated with radical 
cystectomy and bilateral pelvic iliac lymph- 
adenectomy, which can be preceded or followed 
by chemotherapy [4]. In spite of this more 
aggressive treatment, however, approximately 
half of the patients in this group will experience 
treatment failure within 2 years [4]. 

It is notable that these two clinical—pathologi- 
cal presentations not only require alternative 
diagnostic and therapeutic management, but also 
represent two different disease entities, which are 
mediated by specific and distinct underlying 
molecular mechanisms, and therefore call for the 
development and use of distinct sets of prognos- 
tic and predictive molecular biomarkers. For this 
reason, we will summarize the current knowledge 
on the molecular pathogenesis of the two forms 
of UC separately. 


Molecular Pathogenesis 
of Nonmuscle-invasive 
Urothelial Carcinoma 


Over the past several years, a growing body of 
evidence on the molecular mechanisms underly- 
ing the pathogenesis of nonmuscle-invasive 
urothelial carcinoma (NMIUC) has been 
obtained from the analysis of in vivo and in vitro 
models, as well as from clinical specimens. 
Overall, such studies have identified a number of 
gain-of-function mutations in genes within 
defined signaling pathways, as well as loss of 
specific tumor-suppressor genes. Such data 
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clearly implicated a prominent pathogenic role 
for the activation of tyrosine kinase receptors, 
such as the fibroblast growth factor receptor 
FGFR3, the HRAS oncogene, and downstream 
mitotic pathways [5,6], as well as alterations 
involving chromosome 9. A better understanding 
of such molecular changes in the context of 
NMIUC pathogenesis is of paramount relevance, 
since many of the proteins involved in these 
biological processes and signaling pathways 
may represent novel therapeutic targets. 


Role of HRAS in Urothelial Cancer 


HRAS is a proto-oncogene belonging to the Ras 
GTPase family. Activation of Ras proteins can 
be elicited by physiologic stimuli or through 
mutation. Once activated, these proteins signal 
to downstream pathway effectors involved in 
survival, cell growth, differentiation, and migra- 
tion [7]. These downstream pathways include 
PI3 kinase [8], RalGEF [9], and the Raf-MAP 
kinase [10]. 

The mutant form of the HRAS oncogene was 
identified and cloned in 1982 from the T24 can- 
cer cell line, which was originally obtained from 
a high-grade papillary urothelial carcinoma [1 1— 
13]. In subsequent years, HRAS has been demon- 
strated to be the most commonly mutated RAS 
family oncogene in UCC [14-16], and a number 
of distinct point mutations have been identified, 
with those occurring at codons 12, 13, and 61 
being the most frequent in bladder cancer [17— 
20]. Interestingly, such mutations determine the 
production of mutant proteins that lack the capa- 
bility of hydrolyzing GTP to GDP, and that there- 
fore are constitutively active and capable of 
transforming NIH 3T3 fibroblasts [12,21]. Over 
the years, a number of other additional activating 
mutations of the HRAS, NRAS, and KRAS genes 
have been also documented [22], with rates 
between 15 and 30%, depending on the relative 
composition of NMIUC and MIUC of the cohorts 
that were studied [23,24]. 

Despite the early identification of HRAS, the 
complete characterization of the role of HRAS 
mutation in UCC has proven complex, with a 
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number of functional and epidemiologic studies 
showing conflicting results. It was initially 
thought that HRAS overexpression and its muta- 
tion were linked to invasive UCC. One early 
study reported that HRAS-mediated transforma- 
tion of the NMIUC cell line RT4 could modify 
the cellular phenotype, making it more similar to 
that of cell lines derived from UCC of higher 
grade and stage [25]. Similarly, another report 
showed that high-grade UCCs were overrepre- 
sented in a subset of 30 neoplasms carrying a 
specific HRAS mutation out of a total of 67 
tumors analyzed [23], and lower HRAS expres- 
sion levels were demonstrated in the T24 cell line 
as compared to its highly tumorigenic counter- 
part T24T [26]. In contrast to such findings, the 
evaluation of a larger cohort of 152 bladder 
tumors showed that the presence of HRAS muta- 
tions was not associated with either grade or 
stage [27], and another study on a cohort of 100 
patients showed that HRAS mutations, as 
identified from DNA analysis in urine specimens, 
were better at identifying low-grade UCC (47%) 
than cytology alone (16%) [28]. 

The causal role of the Ras oncogene in the 
pathogenesis of NMIUC was definitively estab- 
lished by the specific expression of HRAS in the 
urothelium of transgenic mice. In this study, 
Zhang and colleagues used a urothelial-specific 
uroplakin promoter to drive the expression of 
mutant HRAS in the bladder of transgenic mice 
[29]. This investigation revealed that low copy 
numbers of mutant HRAS were sufficient to 
cause the development of urothelial hyperplasia, 
followed by the onset of superficial papillary 
tumors [29]. 

Moreover, this group also demonstrated that 
high copy numbers of mutated HRAS induced 
urothelial hyperplasia, followed by accelerated 
onset of superficial tumors. It is notable that none 
of these tumors showed progression to invasive 
carcinoma in the 26-month follow-up interval— 
equivalent to the entire lifespan of a normal 
mouse. The same group also found that the for- 
mation of superficial papillary tumors mediated 
by HRAS was independent of the loss of function 
of the protein encoded by the 7P53 gene, a prom- 
inent tumor-suppressor that is mutated in most 
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human cancers and is frequently deleted or 
mutated in the majority of invasive UCCs [30]. 
Specifically, mice expressing an activated form 
of HRAS were bred with mice harboring either a 
dominant-negative TP53 protein or a TP53 
knockout. The progeny derived from the former 
cross exhibited urothelial hyperplasia and dys- 
plasia, while only the mice obtained from the lat- 
ter cross developed superficial papillary UCC of 
either low or high grade [30]. 

Finally, a more recent study by Mo and col- 
leagues demonstrated that mutant HRAS dosage 
is responsible for the progression to papillary 
UCC [31]. In this study, it was reported that 
mice homozygous for the mutant-activated form 
of HRAS showed early onset of superficial 
tumors, while the development of superficial 
papillary tumors was not observed in heterozy- 
gous mice, independent of the mutational status 
of other potential tumor-suppressor genes [31]. 
Taken together, these findings clearly implied 
that activating mutations in HRAS are important 
in the development of superficial bladder tumor 
oncogenesis. 


The Role of the Fibroblast Growth 
Factor Receptor 3 in NMIUC 


Upstream of the H-Ras protein, a number of 
receptor tyrosine kinases have been implicated in 
urothelial pathogenesis. The activation of these 
receptors leads to a cascade of cellular phospho- 
rylation events, which result in the recruitment of 
members of the son of sevenless protein family, 
which ultimately cause the conversion of the Ras 
protein to its active GTP-bound state [32]. 
Recently, significant emphasis has been placed 
on the role played by fibroblast growth factor 
receptor 3 (FGFR3). 

FGFR3 represents a tyrosine kinase receptor 
with two distinct splice variants that show differ- 
ential expression in specific cell compartments: 
the FGFR3c variant is expressed in mesenchymal 
cells, whereas the FGFR3b variant is expressed 
in epithelial cells [33]. Prior to its proposed role 
in UCC, specific point germline mutations occur- 
ring in the FGF'R3 gene were linked to a number 
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of human autosomal dominant syndromes, 
including achondroplasia, thanatophoric dyspla- 
sia, and hypochondroplasia [34—40]. The involve- 
ment of FGFR3 in human cancer was first 
demonstrated when FGFR3 germline mutations 
identified in thanatophoric dysplasia were also 
found as somatic mutations in 3 out of 12 cervi- 
cal carcinomas and in 9 out of 26 UCCs [41]. In 
later studies, it was also demonstrated that such 
FGFR3 mutations characteristic of UCC, also 
occur (although at lower rates) in multiple 
myeloma and cervical carcinomas, and that they 
are in practice never found in cancers occurring 
in other tissue types and organs such as lung, 
rectum, colon, stomach, esophagus, prostate, 
ovary, breast, brain, and kidney [42,43]. 

FGFR3 mutations have been shown to cause 
its constitutive activation, ultimately leading to 
continuous downstream intracellular signaling, 
especially via the Ras signaling pathway [44,45]. 
One study showed that FGFR3 interacts with a 
number of adaptor proteins, such as GRB2 and 
Sos, to modulate Ras signaling through Raf-1 
[46], while another study demonstrated that the 
transformation of NIH 3T3 fibroblasts induced 
by constitutively active FGFR3 mutants was 
accompanied the activation of the Ras-MAPK 
and PIK3 signaling pathways [47]. The role of 
FGFR3 and Ras pathways in urothelial carcino- 
genesis is especially compelling in that HRAS 
and FGFR3 mutations appear to be mutually 
exclusive in UCC, therefore strongly suggesting 
that these events are the phenocopy of one another 
and are functionally equivalent [24]. Taken 
together, all of these findings implicate FGFR3 
as an oncogene in UCC that likely acts through 
the Ras-MAPK signaling pathway. 

Given the clear association of FGFR3 gene 
mutations with the pathogenesis of human blad- 
der cancer, a number of studies have investigated 
the clinical relevance of these mutations. One 
study identified FGFR3 mutations in 37 of 50 pTa 
tumors analyzed (74%), whereas pTis, pT1, and 
pT2-4 lesions demonstrated mutations in 0, 21, 
and 16% of cases, respectively [48]. Furthermore, 
when these cancers were stratified by grade, 
FGFR3 mutations proved to be more frequent in 
grade 1 than in grade 2 or 3 tumors [48]. Similarly, 
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Van Rhijn and colleagues identified FGFR3 
somatic mutations in 34 out of 53 pTa grade 1 
and 2 (“low” grade) bladder cancers, whereas no 
grade 3 (“high” grade) tumors showed FGFR3 
mutations [49]. This inverse correlation between 
grade/stage of bladder cancer and FGFR3 muta- 
tion was further validated in a larger cohort of 81 
patients [50], as well as in other studies [51], sug- 
gesting that FGFR3 is probably not involved in 
the progression to high stage/grade UCC. Since 
FGFR3 mutations should be retained if such pro- 
gression were to occur, it also indicates that low- 
grade pTa lesions are likely not the precursor of 
more aggressive forms of UCC. 

Finally, given this inverse correlation, a num- 
ber of studies have tried to ascertain the predic- 
tive role of FGFR3 mutations in patients with 
low stage/grade bladder cancer. In one study [49] 
it was noted that only 7 of 34 patients with mutant 
FGFR3 developed recurrent tumors within a year, 
as compared to 14 out of 23 patients with wild- 
type FGFR3. In another study it was then found 
that FGFR3 mutational status was a better pre- 
dictor of recurrence rate, progression, and 
disease-specific survival than pathologic grade 
[52]. A later study in a large cohort of 772 
patients, which included TaG1, TaG2, TaG3, and 
T1G3, demonstrated an overall reduced disease 
recurrence for patient with tumors harboring 
FGFR3 mutations, but an increased risk for the 
TaGl subgroup, suggesting that a different 
genetic pathway could be at play in this subgroup 
of NMIUC [53]. A parallel finding was obtained 
from another cohort of 221 patients where FGFR3 
mutational status proved to be associated with a 
decreased risk of progression in low-grade dis- 
ease as compared to high-grade disease [54]. 
Finally, another study failed to find any associa- 
tion between FGFR3 mutational status and dis- 
ease recurrence or survival in T1G3 tumors [55]. 

Several investigators have used immunohis- 
tochemistry to further delineate the role of FGFR3 
in other forms of low-grade urothelial disease, 
such as in papillary urothelial neoplasm of low 
malignant potential (PUNLMP). Strong staining 
for FGFR3 was present in the vast majority of 
nonrecurrent PUNLMPs (80.5%) as compared to 
weaker staining in recurrent PUNLMP (56.4%), 
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thus implying that the expression of the FGGR3 
protein may help define nonrecurring low-stage 
and grade urothelial neoplasia [56]. 

Collectively this evidence indicates that the 
role of FGFR3 is less relevant in NMIUC of 
higher grade, especially the T1G3 subset of 
tumors, in which other molecular alterations, 
such as TP53 mutational status, might play a 
prominent role. 


The Role of Genomic Alterations 
Involving Chromosome 9 in NMIUC 


Genomic alterations involving chromosomes are 
commonly found in cancers and include both 
gene amplification and/or loss of heterozygosity 
(LOH). In NMIUC, the most frequent and com- 
mon chromosomal alteration is LOH of chromo- 
some 9, which is evident in the earliest stages of 
disease. Allelic loss of the long arm of chromo- 
some 9 (9q) has been identified in a large propor- 
tion of bladder cancers and appears to be 
independent of tumor grade [57,58]. In addition, 
an analysis of 252 bladder specimens showed 
that 50% of pTa cases harbored LOH on either 9p 
or 9q, possibly implying that such genomic 
regions harbor tumor-suppressor loci relevant to 
the early development of urothelial cancers [59]. 
Further mapping at a higher resolution was later 
obtained, implicating the genomic region that 
spans from 9q34.1 to 9p12, and leading to the 
identification of the specific tumor-suppressor 
genes that are lost upon such chromosomal alter- 
ations [60-65]. 


Chromosome 9q 

A refined analysis of the genes present on chro- 
mosome 9q and their role in NMIUC has been 
difficult, given the lower frequency at which 
alterations of such regions are found. A study by 
Knowles and colleagues first identified a com- 
mon partial deletion of 9q in 5 out of 70 cases 
[60], which was later shown to encompass the 
Tuberous Sclerosis I gene (TSC1) [66], a candi- 
date tumor-suppressor gene silenced in tuberous 
sclerosis hamartomas [67]. Follow-up analysis of 
these somatic mutations revealed that 90% of 
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them are specific to bladder cancer, with distinct 
alterations in the amino acid encoding portions of 
the gene [68] and associated TSC1 protein local- 
ization defects [69]. 

Another study of 4 bladder cancers with 
chromosome 9q34 LOH and TSC/ inactivating 
mutations showed lower expression the of 
cyclin-dependent kinase inhibitor protein p27, 
suggesting a possible cross-talk in UCC 
between TSC1 and p27 [70]. The same group 
also identified relatively frequent LOH involv- 
ing 9q32-q33 [71]. This region was later found 
to harbor the DCB1 (previously known as 
DBCCR1) gene, a potential tumor-suppressor 
whose expression was undetectable in 5 out of 10 
bladder cancer cell lines evaluated. Furthermore 
frequent hypermethylation of the DCB1 gene 
promoter was also identified, which could also 
play a role in pathogenesis of the UCC, even in 
the absence of genomic deletion [72]. 

Finally, additional frequent deletions were 
found in two other chromosome 9 regions, 9q22.3 
and 9q31 [65,73]. The deletions found in the 
9q22.3 locus encompass the multiple self-healing 
squamous epithelioma (MSSE) and patched 
(PTCH) genes, which are involved in the devel- 
opment of skin tumors. However, a study by 
Thievessen and colleagues [74] has suggested that 
Hedgehog pathway activation through loss of 
PTCH1 function is rare or absent in UCCs, thus 
leaving the relevance of these mutations unresolved. 


Chromosome 9p 

Genomic alterations of chromosome 9p have 
been well characterized in bladder cancer, and 
their relevance in the molecular pathogenesis of 
NMIUC is well established [75]. Among these, 
the most important alterations occur in two well- 
known negative regulators of the cell-cycle p16 
and p15 (respectively also known as CDKN2/ 
INK4A and INK4B). The proteins encoded by 
these two tumor-suppressor genes inhibit the 
activity of the cyclin D/cyclin dependent kinase 4 
(CDK4) complex [76,77], which catalyzes hyper- 
phosphorylation and subsequent inactivation of 
the RB protein, ablating its repressive effect on 
progression from the G1 to S phase of the cell- 
cycle [78,79]. 
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A study by El-baz and colleagues has 
documented hemizygous and homozygous 
deletions and sequence mutations involving the 
p16 gene in UCC, although at a lower frequency 
when compared to squamous cell carcinomas of 
the bladder [80]. Similarly another group has 
identified significant methylation of the p/6 gene 
promoter region in 12 out of 18 UCCs, suggest- 
ing that methylation of this gene may be respon- 
sible for its functional inactivation [81]. Frequent 
homozygous and hemizygous deletions of both 
the p/5 and p16 genes have subsequently been 
reported in UCC [82], including homozygous 
p15 and p16 deletions in 13 human bladder can- 
cer cell lines [83] and decreased expression of the 
p15 transcript in NMIUC [84]. These findings 
point to a key role for the chromosome 9p21 
region locus in squamous and urothelial bladder 
cancers, through its encoded p/5 and p16 tumor- 
suppressor genes. 


Prognostic Significance of LOH 

on Chromosome 9 on Recurrence 

Given the clear implication and association of 
chromosome 9 in the pathogenesis of NMIUC, a 
number of studies addressed its prognostic value. 
One study identified LOH of chromosome 9 in 
only 12% of nonrecurrent UCCs as compared to 
54% of recurrent cases [85]. When stratified by 
the specific genomic region involved, however, a 
significant association with tumor recurrence was 
shown only for TSC] LOH. A later study showed 
that LOH of the p/6 gene region on chromosome 
9p21 was not statistically associated with recur- 
rence-free interval in NMIUC [86]. In contrast, a 
third study showed an opposite result, with p/6 
loss associated with a shorter recurrence-free 
interval in 33 out of 56 low-grade UCCs [87]. 
Finally, the DCB/ locus on 9q32-33 has also been 
implicated in bladder cancer, with LOH of this 
locus in adjacent normal urothelium correlated 
with tumor recurrence in NMIUC [89]. DCB1 
LOH in bladder cancer cells did not appear to 
impact outcomes. 

Overall this body of evidence suggests that 
events of LOH at chromosome 9q have greater 
prognostic value than those occurring at chromo- 
some 9p, and that further investigations—per- 
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haps using higher resolution methods now 
becoming available (i.e., copy number variation 
analysis by microarray analysis and high- 
throughput sequencing) on larger cohorts—are 
still needed to fully ascertain their potential use 
as prognostic factors for recurrence in NMIUC. 


Microarray Studies 


Over the past 15 years, the analysis of gene 
expression by DNA microarray has had a 
significant impact on human cancer research. 
This technique evaluates expression levels of 
thousands of transcripts at once, providing a 
high-throughput “snapshot” of genomic programs 
operating in a cell or tissue of interest, which can 
be then compared across distinct individuals or 
conditions. A number of gene expression studies 
have been performed in UCC with the purpose of 
identifying biomarkers for classification, diagno- 
sis, and prognosis. 

One early study [90] analyzed the gene expres- 
sion profiles associated with a number of differ- 
ent bladder cancer cell lines derived from UCCs 
of different grade, stage, and histology. The inva- 
sive tumor-derived cell lines grouped in accor- 
dance with their alteration of the p53 and RB 
pathways, which are hallmarks of invasive tumors 
[30,47]. This analysis identified three relevant 
genes—E-cadherin, Moesin, and Zyxin—further 
investigated by tissue microarray analysis (TMA) 
showing that Moesin expression was significantly 
associated with overall survival [90]. 

In a second landmark study, Dyrskj¢t and col- 
leagues analyzed normal urothelium and 40 blad- 
der cancers of various stages and grades to 
identify a gene expression classifier capable of 
discriminating the analyzed tumors. This group 
used the gene expression data set to develop a 
32-gene classifier capable of correctly classifying 
84% of stage Ta, 50% of stage T1, and 74% of 
stage T2 and above tumors in an independent 
cohort of 68 patients. An interesting finding from 
this study was that the misclassified Ta tumors 
showed a significantly increased progression rate. 
This finding was used to construct a 26-gene pro- 
gression classifier for Ta cancers, which was later 
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proved to correctly classify 75% of NMIUC in 
follow-up studies [91]. 

A similar approach was used by another group 
for the classification of NMIUC versus MIUC 
[92] with similar results. Also in this study it was 
possible to apply gene expression data to identify 
a subgroup of early-stage tumors with gene 
expression profiles resembling those of invasive 
lesions. Immunohistochemical analysis was used 
to validate a number of the identified targets, 
including p21, p33INGI, and neuropilin-2. This 
analysis confirmed that these proteins were 
significantly correlated with tumor stage and 
grade, although only p33INGI proved to be asso- 
ciated with overall survival [92]. Finally, the 
analysis of 67 bladder cancers enabled the 
identification of 225 genes correlated to bladder 
cancer stage [93] and the development of a 
classifier for progression based on ten. Cathepsin 
E was ultimately validated as a biomarker for 
papillary growth on a large cohort of more than 
700 bladder cancers based on this study [93]. 

These early studies demonstrated that distinct 
gene expression profiles are associated with non- 
invasive and invasive bladder cancers, and that 
the NMIUC that appears to be similar at the 
molecular level to the invasive tumors are more 
likely to recur and/or progress [91]. Following 
these early studies, several groups have further 
identified prognostic gene expression signatures 
in superficial bladder cancer. Examples of such 
studies include the identification of a subset of 
genes differentially expressed between FGFR3- 
and TP53-mutated tumors [94], a new 45-gene 
classifier that showed a significant concordance 
between the actual and the predicted progression 
(P<0.03; [95]), and a 20-gene, 52-gene, and 
88-gene progression predictors that showed 
highly significant concordance between pre- 
dicted and actual pathologic stage (P<0.0001) 
across patients from several different countries 
[96]. The latter study confirmed the observation 
that NMIUC misclassified as MIUC showed 
shorter disease-specific survival. Furthermore a 
40% cumulative probability of progression was 
found for the patients classified as progressors 
versus less than 15% for the patients predicted 
as nonprogressors (P<0.001), which appeared to 
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be independent of standard clinical parameters 
such as stage, grade, age, sex, and intravesical 
treatment. While very promising, the perfor- 
mance characteristics of such molecular signa- 
tures would likely have to improve further before 
they could become clinically useful. 

A recent meta-analysis used a set of published 
gene expression profiling data sets to develop a 
progression classifier for NMIUC [98]. This 
96-gene classifier was then implemented into a 
quantitative RI-PCR-based assay, which was 
applied to an independent set of 107 patients, that 
included 11 benign cases, 54 progressors, and 
42 superficial nonprogressors. Of 96 genes 
analyzed, 57 proved to be significantly associ- 
ated with muscle invasion, and were therefore 
used to stratify Ta and T1 tumors into low- or 
high-risk progression groups. The tumors that 
were classified at high progression risk showed a 
higher rate of progression at 2 years than those 
classified at low progression risk (45% vs. 12%, 
P<0.004). Similar results were also obtained in 
the T1 stage group (22% of progression for low- 
risk patients as opposed to 61% for high-risk 
ones, P<0.03). 

Finally, based on the success of tissue-based 
approaches, a recent study using a 14-gene 
classifier was used for the detection and 
classification of bladder cancer in the urine, with 
a combination of CDC2 and HOXA13 able to 
stratify tumors by stage [99]. 


The Role of Immune Response in NMIUC 


Bacillus Calmette-Guérin (BCG) is currently 
used to reduce the recurrence rate and risk of pro- 
gression in superficial bladder cancer. The suc- 
cess of BCG in many patients underscores the 
crucial role of inflammatory responses in the 
treatment of UCC, which includes the secretion 
of cytokines and activation of lymphocytes and 
macrophages. The antitumor activity of BCG is 
largely mediated by a nonspecific immunological 
response initiated by immunocompetent cells 
that follows the interaction of BCG with the blad- 
der wall and its internalization in urothelial cells 
[101,102]. The activation of this response is 
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mediated by both professional antigen-presenting 
cells (APCs), like dendritic cells and mac- 
rophages, and urothelial carcinoma cells, which 
have acquired antigen-presenting properties and 
can therefore present to CD4+ T-helper lympho- 
cytes the antigen in the context of MHC class II 
molecules. Following the activation of the 
immune system associated with intravesical BCG 
instillation, a number of cytokines are produced, 
including tumor necrosis factor alpha (TNF), 
inteferon gamma (IFNG), interleukin-1 (IL-1), 
IL-2, IL-6, IL-8, IL-12, and IL-18. This activa- 
tion also results in the recruitment of cytotoxic 
effector cells, including cytotoxic T lympho- 
cytes, natural killer cells, lymphokine-activated 
killer cells, and macrophage-activated killer cells, 
which mediates antitumor effects [103]. 

The type of inflammatory cell associated 
with BCG treatment has been shown to impact 
patient prognosis. One study by Ayari and col- 
leagues suggested that a high level of infiltration 
by CD83 positive tumor-infiltrating dendritic 
cells and CD68 positive tumor-associated 
macrophages is associated with a decreased 
response to BCG treatment [104]. This finding 
further underscores the need for larger studies 
that evaluate the role of the immune response in 
UCC treatment. 


Molecular Pathogenesis of Muscle- 
Invasive Urothelial Carcinoma 


Muscle-invasive urothelial carcinomas (MIUCs) 
are distinct from NMIUC at the pathologic, 
molecular, and prognostic level. Despite advances 
in treatment, few patients with metastatic urothe- 
lial cancer survive 5 years [105]. The depth of 
invasion into the muscularis propria has been cor- 
related with lymphatic and hematogenous inva- 
sion, as well as with subsequent metastatic 
dissemination of the disease to the regional lymph 
nodes or to distant organs [106]. MIUC is also 
often accompanied by local invasion of the adja- 
cent tissue, in particular the prostate and prostatic 
urethra [106], and the extent of the local invasion, 
as well as the presence of lymph node metasta- 
ses, directly impacts survival after cystectomy 
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[106]. Nodal metastases are most commonly 
found in the pelvic lymph nodes, especially in the 
external iliac (65%) and obturator (74%) nodes, 
while the internal iliac lymph nodes are involved 
in about 20% of patients [106]. Distant metasta- 
ses to the liver, lung, bone, and adrenal glands are 
also common [107-109]. 

Given the aggressive nature and the poor out- 
come associated with MIUC, research into the 
molecular mechanisms underlying invasion and 
metastatic spread of UCC has been a major focus 
of molecular investigation. 


Deregulation of p53 Pathways in MIUC 


Among the most relevant molecular alterations 
associated with MIUC is the loss of function of 
the p53 protein, usually through mutation of one 
allele on chromosome 17p13.1, and deletion of 
the remaining one [96]. The p53 protein is encoded 
by the 7P53 tumor-suppressor gene [110] and 
impacts cell-cycle progression from the G1 to the 
S phase through the transcriptional activation of 
the WAFI/CIP1 and the expression of the p21 
protein [111]. As nuclear immunohistochemical 
staining for the p53 protein accompanies TP53 
mutation and loss of protein function, this tech- 
nique has been therefore frequently used for the 
identification of p53-mutant UCC. Nuclear p53 
appears to be an independent predictor of mortal- 
ity in invasive tumors, independent of tumor stage, 
grade, and lymph node status [110-119], and it is 
significantly correlated with tumor grade and 
stage [120-124]. Finally, although promising as 
prognostic marker, nuclear p53 immunostaining 
cannot identify homozygous deletions of both 
TP53 alleles or detect TP53 gene silencing by 
promoter hypermethylation [125]. As such, immu- 
nohistochemical analysis is therefore not a sensi- 
tive test for loss of p53 function in cancer cells. 


Role of Retinoblastoma (Rb) Pathway 
Deregulation in MIUC 


A number of genomic deletions in bladder cancer 
have been identified in the 13q14 chromosomal 
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region, which harbors the RB tumor-suppressor 
gene [126]. Altered expression of this gene has 
been correlated with survival of MIUC patients 
[113,127,128], with a better prognosis associated 
with normal Rb and p53 protein expression in T1 
tumors [129]. Finally, it has also been reported 
that the combination of multiple cell-cycle regu- 
latory proteins, like pRb, p53, and p21 waf1/CIP1, 
can improve independent prediction of UCC out- 
come [130] compared with commonly used clin- 
ico-pathologic parameters. 


Other Signaling Pathways 


Epidermal Growth Factor Receptor 

Higher expression levels of Epidermal Growth 
Factor Receptor (EGFR) have been shown to 
positively correlate in UCC with higher stage and 
grade, as well as disease recurrence [131-133]. 
One study has also shown that increased expres- 
sion of the protein encoded by the ERBB2 gene, 
which is a member of the epidermal growth fac- 
tor (EGF) receptor family of receptor tyrosine 
kinases, has prognostic value in patients with 
recurrent progressive UCC [134]. However, other 
studies have shown that EGFR expression did not 
predict survival in patients with invasive disease, 
which might imply that EGFR could be associ- 
ated with the transition to invasive forms of the 
disease [135]. It should also be noted that the 
increased EGFR expression in UCC in general is 
not mediated by gene amplification, which occurs 
late in tumor progression, and that therefore other 
functional mechanisms must be at play to mediate 
such EGFR increase [136]. 


Fibroblast Growth Factors and Their 
Receptors 

Among the fibroblast growth factor (FGF) family 
members, two in particular have been implicated 
in bladder cancer pathogenesis: FGF1 (also 
referred to as “acidic,” aFGF), and FGF2 (also 
known as “basic,” bFGF). Both of these factors 
are found in the extracellular matrix (ECM), 
complexed with heparan sulfates. During ECM 
degradation associated with cancer progression, 
both types of FGFs are released by the action of 
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several proteases [137,138]. These two proteins 
may determine a more aggressive course of dis- 
ease, and their evaluation by immunohistochemi- 
cal staining may identify cancers likely to 
progress [137,138]. In support of this, increased 
expression of FGF2 was documented in carci- 
noma in situ (CIS) specimens [137,139-141]. 
There is also evidence for involvement in 
UCC of the cognate receptors for FGFs, with a 
specific role in signaling within the epithelial and 
mesenchymal tissue compartments [143]. For 
instance, the transcript for the FGFR2IIb variant 
is present in all normal urothelial cells (with the 
exception of the superficial umbrella layer), 
whereas low levels of FGFR2II]c are usually 
present in the stromal compartment [144]. Loss of 
FGFR2IIIb expression has been associated with 
poor prognosis in UCC, and in nude mice the re- 
expression of this receptor in the human T24 
bladder cancer cell line has shown to reduce the 
proliferation rate and tumor growth [144—146]. 


Vascular Endothelial Growth Factors and 
Their Receptors 

The vascular endothelial growth factor (VEGF) 
family encompasses five members: VEGFA, 
VEGFB, VEGEFC, VEGEFD, and placental growth 
factor (PGF). In humans, VEGFA mediates 
angiogenesis, signaling through its two tyrosine 
kinase receptors, VEGFR1 and VEGFR2 (respec- 
tively also known as FLT 1 and KDR), while PGF 
and VEGFB activate only FLT1 [147]. It has been 
shown that the activation of FLT1 upon binding 
of VEGFA and PGF recruits bone marrow- 
derived macrophages to inflammatory and cancer 
tissues, thus enhancing pathological angiogene- 
sis. Finally, FLT4, also known as VEGFR3, is 
expressed in endothelial cells of the lymphatic 
system, regulating lymphangiogenesis upon acti- 
vation by VEGFC and D, which are indeed over- 
expressed in cancers that preferentially 
metastasize to lymph nodes [147]. 

High levels of VEGF transcripts were 
identified in patients with T1 UCC of low or 
intermediate grade and were associated with 
recurrence and progression [148]. Increased 
VEGFA immunostaining has been associated 
with increased tumor stage, while serum VEGF 
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proved to be positively correlated with the 
presence of CIS, increased grade, increased stage, 
vascular invasion, and the presence of metastatic 
disease [149-151]. Interestingly, the T24 bladder 
tumor cell line has an autocrine VEGF mitogenic 
signaling loop, with expression of both VEGFA 
and its receptor KDR [152]. 

Finally, a study on 286 tumors by TMA 
revealed that IHC staining with VEGFD was 
associated with stage and metastasis to regional 
lymph nodes, while it was negatively correlated 
with disease-free interval. It has been shown that 
the expression of VEGFR3 in high-grade tumors 
was associated with a shorter disease-free sur- 
vival, and the expression of VEGFR3 and VEGFD 
has proven to be an independent predictor of 
tumor stage and lymph node metastasis in multi- 
variate analysis. In the same studies, matched pri- 
mary tumors and the corresponding metastases 
were compared, and the expression of VEGFR3 
and VEGFD proved significantly higher in pri- 
mary cancers [153,154]. 


Transforming Growth Factor-Beta Family 
The transforming growth factor (TGF)-beta fam- 
ily of proteins includes TGF-beta 1 through 5, 
inhibin, activin, and the Miillerian inhibitory sub- 
stance [155]. Overall, TGF-beta proteins act as 
proliferation inhibitors through phosphorylation 
and inhibition of the Rb protein [156]. A number 
of studies have investigated the expression of 
these proteins in the bladder with somewhat con- 
trasting results. One study showed higher TGF- 
beta 1 and 2 transcripts in indolent rather than 
aggressive UCCs [156], while another study 
reported higher TGF-beta in UCC versus normal 
urothelial cells [157]. 

TGF-beta family members have strong angio- 
genic activity and higher concentrations of TGF- 
beta 1 have been found in the serum of patients 
with invasive tumors compared to patients with 
NMIUC [158,159]. Moreover, increased TGF- 
beta 1 expression is associated with advanced 
pathological stage and risk of disease progression 
[160]. However, contrasting findings have been 
reported, including the association of reduced 
TGF-beta receptors with worsened cancer stage, 
grade, progression, and survival [160-163]. 
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In conclusion, conflicting evidence about the 
role of TGF-beta signaling in UCC may be due to 
the complex cross-talk between distinct compart- 
ments in the tumor and its microenvironment and 
further investigation is needed. A plausible expla- 
nation for this is that—similar to its role in other 
cancers—TGF-beta might exert a dual role in 
UCC: preventing cancer formation and progres- 
sion in early tumorigenesis and promoting pro- 
gression late in the course of disease [164]. 


Rho Family GTPases and Their Regulators 
The proteins of the Rho family of GTPases are 
small monomeric guanine nucleotide-binding 
proteins related to RAS that regulate a number 
of cellular signaling pathways involved in cell 
adhesion and motility, cell migration, cell-cycle 
progression, cell survival, and epithelial to mes- 
enchymal transition (EMT) [165-167]. The 
activity of these proteins is tightly regulated by 
guanine nucleotide exchange factors (GEFs) 
that stimulate the exchange of GDP to GTP, as 
well as by GTPase activator proteins (GAPs), 
which stimulate GTP hydrolysis [168]. 
Accordingly, the Rho/ROCK pathway has been 
implicated in the development of metastases and 
bladder cancer invasion, and significantly higher 
expression levels of ROCK, RhoA, and RhoC 
proteins were shown in primary cancers and 
lymph node metastases as compared to normal 
specimens. In contrast, RhoB expression was 
inversely correlated to stage and grade [167]. 
Among the regulators of this pathway, a relevant 
role has been shown for the Rho GDP dissocia- 
tion inhibitor 2 protein (RhoGDI2, also known 
as Ly-GDI or D4-GDI), which is highly 
expressed in the normal genitourinary tract epi- 
thelium [169]. It has been reported that reduced 
RhoGDI2 expression correlates with the meta- 
static activity of human bladder cancer lines 
[170,171] and that RhoGDI2 works as a metas- 
tasis suppressor gene in a novel bladder cancer 
animal model [172]. Multivariate analysis sup- 
ports the finding that RhoGDI2 is an indepen- 
dent prognostic factor that is negatively 
associated with UCC recurrence after radical 
cystectomy [171]. 
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E-Cadherin and Epithelial to 
Mesenchymal Transition in Urothelial 
Cancer 

E-cadherin is a calcium-dependent cell adhesion 
protein that maintains normal urothelial integrity 
and impermeability to urine [137,173]. The loss 
of E-cadherin activity has been implicated in 
UCC progression and invasion through both 
genetic and epigenetic mechanisms [137]. 
E-cadherin gene silencing by promoter methyla- 
tion has been shown to be associated with poor 
prognosis and progression in UCC [174,175] and 
E-cadherin LOH and promoter hypermethylation 
have been significantly correlated with tumor 
grade [176]. 

E-cadherin immunostaining has been per- 
formed, with protein levels inversely correlated 
with muscle invasion, lymph node metastasis 
[90,177-179], tumor stage and grade [180,181], 
recurrence [182], and survival at 5 years 
[173,183]. Overall, immunohistochemical evalu- 
ation of E-cadherin either alone or in combina- 
tion with other adhesion proteins can be used as a 
predictor of disease progression in patients 
treated by cystectomy [183-185]. Loss of 
E-cadherin appears to be accompanied by the 
concomitant expression of another adhesion pro- 
tein, N-cadherin, which is usually not expressed 
in normal urothelium. Interestingly N-cadherin 
expression appears to be correlated with invasion, 
since it arises in pT1 UC, and increases in mus- 
cle-invasive cancers. Multivariate analyses have 
shown that N-cadherin immunostaining is an 
independent prognostic marker for progression to 
invasive UCC [186]. 

Finally, abnormal expression of E-cadherin 
and beta-catenin has been associated with high 
stage and grade disease and with poor patient sur- 
vival [187], and higher plasma and urine 
E-cadherin levels have been shown in patients 
with UCC as compared to healthy individuals. 
Preoperative soluble E-cadherin proved to be an 
independent predictor of lymph node metastases 
and disease progression [161,188]. 

Based on these findings, studies using an 
NBT-II nitrosamine-induced rat bladder cancer 
cell line have shown that reduced E-cadherin 
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expression, downstream AKT signaling, and 
nuclear factor kappa B (NFKB) activation are 
coordinately mediated by the induction of the 
ectodermal transcriptional repressor Snail, which 
is known to control EMT [189]. More recently, 
the basic helix-loop-helix transcription factor 
TWISTI has been proposed to mediate UCC 
metastatic progression, since its expression was 
significantly higher in cancer compared to nor- 
mal tissue. In the same study, it was also shown 
that TWIST1 expression was negatively corre- 
lated with E-cadherin expression and was higher 
in the metastases compared to matched primary 
tumors [190]. These findings were further 
confirmed in an independent study on 70 bladder 
cancers, in which TWIST1 proved to be nega- 
tively correlated with E-cadherin, positively 
associated with tumor stage and grade, and 
shorter progression-free survival [191]. 


Cell Adhesion, Integrins, and Tumor- 
Stroma Interactions in Urothelial Cancer 
In the basal layer of normal urothelium, alpha 6/ 
beta 4 is the most commonly expressed integrin 
heterodimer. Altered alpha 6/beta 4 expression 
has been reported as an early event UCC carcino- 
genesis, with CIS lesions exhibiting reduced lev- 
els of the beta 4 subunit and concomitant 
preferential expression of the alpha 6 beta | het- 
erodimer expression [192]. Accordingly, immu- 
nostaining for alpha 6 beta 4 integrin has shown a 
prognostic value in relation to invasion and the 
establishment of metastatic disease [193,194]. 
The relevance of integrin signaling in UCC is fur- 
ther underscored by the role of alpha 5 beta 1 
integrin in the cellular response to immunother- 
apy with BCG therapy [195,196]. 

A number of studies have addressed the role 
of alterations of basement membrane (BM) pro- 
teins in UCC. Invasive and metastatic bladder 
tumors exhibit aberrant glycosylation of the 
Sialosyl-Lewis X epitope (SLeX), which can 
increase tumor cell adhesion to E-selectin and 
was correlated with metastases and shorter 5 year 
survival [197]. Alteration of BM proteins includ- 
ing laminin and type IV collagen has also been 
investigated [137]. For instance, type IV collagen 
alterations have been correlated with poor sur- 
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vival in high stage UCC, while laminin altera- 
tions have been correlated with metastatic disease 
[198]. Furthermore, levels of additional BM pro- 
teins, such as laminin, fibronectin, and elastase, 
are significantly higher in cancer specimens as 
compared to normal urothelium, and laminin lev- 
els in the urine and serum have been shown to be 
valuable for the diagnosis of invasive UCC [137]. 
Unlike other laminin subtypes, laminin 5 appears 
to be downregulated during UCC progression 
through promoter methylation. By analyzing 
bladder tumors, bladder washes, and urine, it has 
been shown that promoter methylation is respon- 
sible for laminin-5 silencing, and that methyla- 
tion frequency could distinguish NMIUC from 
invasive tumors and was significantly correlated 
with a number of poor prognosis parameters, 
such as tumor stage and grade, and muscle inva- 
sion [199]. 

The establishment of an invasive phenotype is 
also accompanied by alterations involving the 
extracellular matrix (ECM). In tumor tissues, for 
instance, it has been shown that the degradation 
of stromal derived hyaluronic acid by cancer cell- 
derived hyaluronidase 1 (HYALI1) can induce 
angiogenesis by releasing angiogenic hyaluronic 
acid fragments, which in turn can be measured in 
the urine of high-grade bladder cancer patients 
[200-202]. Moreover, it has also been shown that 
urinary hyaluronic acid correlates with matched 
tissue levels, functions as diagnostic biomarker 
(200,201,203,204], and predicts treatment failure 
and UCC recurrence when analysis of transmem- 
brane hyaluronic acid synthase 1 gene (HAS1) is 
performed [205,206]. Hyaluronic acid can regu- 
late cell migration, adhesion, and proliferation 
through its interaction with the CD44 receptor, 
which is a member of a family of transmembrane 
glycoproteins that has been shown to be involved 
in cell-cell and cell—matrix interaction and to 
play a relevant role in tumor metastasis [207]. In 
UCC, progressive loss of CD44 has been corre- 
lated with advanced stage, although its value as 
an independent prognostic marker is still unclear 
[137,208-212]. 

A role for Thrombospondin-1 (TSP1) has also 
been proposed in UCC tumor suppression. 
Expression of this endogenous constituent of the 
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ECM inhibits tumor neovascularization and 
therefore has tumor-suppressor functions 
[151,213]. By immunohistochemical analysis, 
TSP1 levels were inversely correlated with stage 
[151], vascular density [214], and survival rate at 
5 years, suggesting that it could be a useful prog- 
nostic biomarker [214]. 


Other Determinants of Progression 

and Metastasis in UC 

CD24, a glycosyl phosphatidyl inositol-linked 
surface protein, has been shown to be highly 
expressed in bladder and other cancers, and its 
loss of function proved to be associated with 
apoptosis, decreased anchorage-independent 
growth and cell proliferation [215]. CD24 immu- 
nostaining in bladder cancer demonstrated that 
CD24 expression is significantly associated with 
shorter disease-free survival [215]. Similar 
findings were also obtained in a second study 
where low CD24 immunostaining was present in 
the cytoplasm of normal luminal cells, while 
higher CD24 levels were detected in NMIUC, 
which further increased with stromal and muscle 
invasion [216]. 

Several cytokines and inflammatory mediators 
have been linked to urothelial cancer pathogene- 
sis. For instance, higher interleukin-8 (IL-8) 
expression has been demonstrated in MIUC and 
in CIS as compared to NMIUC [150,217], and 
cyclooxygenase-2 (COX2) has been shown to be 
expressed at high levels in invasive UCC, but 
undetectable in normal bladder urothelium [218]. 
The expression of COX2 has also been associ- 
ated with increased angiogenesis, increased 
recurrence risk, and shorter disease-specific mor- 
tality [218-221]. 

In a number of cancers, endothelins (ETs) 
have been implicated in autocrine and paracrine 
signaling loops and associated with aberrant pro- 
liferation, formation of new blood vessels, escape 
from apoptosis, invasion, and metastases. 
Endothelin | expression is inversely correlated to 
that of RhoGDI2 [165], and two studies have 
demonstrated aberrant expression of ETs signal- 
ing components in the vast majority of bladder 
cancer samples when compared to expression in 
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normal urothelial cells [220,222]. In particular, 
expression of the endothelin B receptor (ETBR) 
was associated with a favorable prognosis [222], 
and suppression of ETBR in UCC could be 
explained by promoter hypermethylation. 
Accordingly, methylation frequency of the ETBR 
promoter proved to be correlated with tumor 
stage and grade, and was inversely associated 
with UCC aggressiveness [220]. 

Finally, the presence of tumor-infiltrating 
cells—cytotoxic T lymphocytes (TILs) in par- 
ticular—has been shown to be associated with 
favorable outcomes in a number of tumor types. 
Local immune responses mediated by cyto- 
toxic lymphocytes (CD8 positive T cells) may 
play a role in cancer cell eradication through 
the recognition of cancer-associated antigens 
in the context of MHC class I molecules. To 
this end it has been recently shown that the 
presence of CD8 positive T cells infiltrating 
MIUC, along with the expression of MHC class 
I antigen and CTAGIB cancer/testis antigen 
1B (also known as NY-ESO-1 tumor antigen), 
is associated with favorable clinical outcome. 
This finding speaks to relevance of tumor 
microenvironment, and further studies in the 
field will assist establishing novel prognostic 
indicators in MIUC. 


Microarray Studies of Survival 
Outcomes in MIUC 


In the clinical management of MIUC, the predic- 
tion of metastatic recurrence and therapy 
response are among the most relevant questions. 
Similar to what has been described for superficial 
urothelial cancer, gene expression profiling has 
also been widely adopted to address these 
issues in MIUC. Modlich and colleagues [223] 
identified a group of genes differentially 
expressed between MIUC with different prog- 
noses. One group of these genes encoded for 
proteins related to cell-cell adhesion, transcrip- 
tion, and cell-cycle regulation, while another 
group encoded for proteins involved in cell prolif- 
eration and growth [223]. 
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Another report identified a gene expression 
signature associated with poor prognosis in 
invasive bladder cancers [224] by profiling 52 
normal bladder samples, 33 superficial cancers, 
and 72 invasive cancers. This group was able to 
identify a signature of 100 genes capable of 
predicting disease outcome with 90% accuracy, 
and a larger one, comprising 174 genes, that 
was significantly associated with disease- 
specific clinical outcome and with lymph node 
status (both P<0.0001) [225]. In another study, 
the same group used antibody arrays and ana- 
lyzed the serum of bladder cancer patients 
[226]. By this approach, they compared serum 
samples between 37 bladder cancer patients 
and 58 controls, proving that serum protein 
profiles could distinguish normal controls from 
bladder cancer patients with 89.2% sensitivity 
and 96.5% specificity. They further evaluated 
whether this subset of antibodies provided 
prognostic information among the 37 cancer 
patients, identifying two distinct groups of 
patients with different overall survival 
(P =0.05) [226]. 

Gene expression analysis has also been used 
to predict the response to chemotherapy in order 
to distinguish patients who are going to benefit 
from this additional therapy. One early study 
has shown that gene expression can be used to 
build predictive models of the response to a sin- 
gle drug, as well as to combination regimens 
[227]. In this study, baseline gene expression 
profiles from a panel of 40 bladder cancer cell 
lines were used to develop chemotherapy 
response prediction models, which showed 
highly significant concordance with empirically 
assessed responses [227]. 

In another study by Takata and colleagues, 
gene expression was measured in 27 invasive 
bladder cancer biopsies prior to treatment with 
neoadjuvant methotrexate vinblastine, adriamy- 
cin, and cisplatin (MVAC) chemotherapy [228]. 
The authors identified a set of 50 genes that 
significantly differed between 14 responders and 
13 non-responders. A further refinement of this 
signature was obtained using a subset of the 
patients as a training set, enabling the develop- 
ment of a 14-gene MVAC response predictor that 
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could correctly classify 8 out of 9 samples from 
the test set. The same investigators have subse- 
quently validated their predictive signature on 22 
additional patients [229], showing that their gene 
expression signature could correctly predict 
MVAC response in 19 out of 22 cases with 
approximately 100% sensitivity and 73% 
specificity. Moreover, in this independent cohort 
the negative predictive value of the assay proved 
to be approximately 100%, with 8 out of 8 nonre- 
sponders identified, while the positive predictive 
value was around 79% [229]. 

Finally, Als and colleagues analyzed gene 
expression in 30 patients with locally advanced 
or metastatic bladder cancer [230], identifying 
55 genes that proved to be expressed at lower 
levels in patients with longer survival. In this 
study the authors failed to observe any difference 
in terms of gene expression between patients 
treated with different chemotherapy regimens. 
Two of the genes that discriminate patients by 
their survival Emmprin and Survivin—were fur- 
ther investigated by immunostaining, showing 
that they were significantly associated with overall 
survival (P <0.001). The investigators also doc- 
umented different response rates to chemother- 
apy based on Emmprin and Survivin staining, 
with double positive tumors exhibiting a response 
rate of 27%, and double negative tumors exhibit- 
ing a response rate of 82%, with an odds ratio in 
double negative tumors of 11.9 (95% CI, 3.2- 
42.3) [230]. 

Overall this evidence emphasizes the fact that 
the use of gene expression for prognostication 
and prediction in invasive bladder cancer is prom- 
ising and further investigation in larger cohort is 
required. 
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